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FINANCING SEWAGE WORKS * 


By Francis S. FRIEL 


President, Albright and Friel, Inc., Consulting Engineers, Philadelphia, Pa. 


The finaneing of the construction of 
municipal sewage works under present 
conditions of high costs is of concern 
to many engineers and municipal offi- 
cials. Prior to the war, construction 
costs were low as compared to today’s 
high prices and, in addition, it was 
possible for a great number of munici- 
palities to secure aid from the Federal 
Government for constructing these fa- 
cilities. 

Present construction costs (1946) 
are 111.6 per cent above the 1933 level, 
and 49 per cent above the 1940 level 
based on Engineering News-Record In- 
dex. On the other hand, the interest 
rates on municipal bonds are lower to- 
day than ever before. With this lower 
interest rate, the annual amortization 
or debt service costs do not reflect an 
overall inerease in the cost of a project, 
as might be expected when considera- 
tion is given only to construction cost 
increases. 

Within the last 10 years new meth- 
ods for financing sewage works have 
been enacted into the laws of many 
states. These new laws were adopted 
in some instances in order to permit 
municipalities to take advantage of 
Federal aid. Definite progress has 
been made in making available new 
methods of financing. Because of the 
new laws and methods, a state govern- 


ment today can make more forceful de- - 


mands upon a municipality for sewage 
treatment, since it is now supported by 
* Presented at Nineteenth Annual Meeting, 
Federation of Sewage Works Associations; 
Toronto, Ont., Can., October 7-9, 1946. 
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acts which enable it to compel a mu- 
nicipality to ‘‘show action.’’ 

The problem of financing the cost of 
a complete sewer system and sewage 
treatment plant differs from that of 
financing the cost of sewage treatment 
facilities alone. A great many munici- 
palities have sewer systems but only 
partial sewage treatment facilities; 
others provide no treatment at all. 

The construction of sewage works is 
generally carried out by a municipal- 
ity, financing and construction being 
managed by its legislative body and 
administrative officers. In some in- 
stances, however, metropolitan dis- 
tricts, sanitation commissions, and mu- 
nicipal sewer authorities have been 
created under legislative acts for per- 
forming the administrative functions 
connected with the collection and treat- 
ment of sewage. These special organi- 
zations have been established in many 
states and have been successful. Some 
of these districts and commissions 
funetion as state agencies, as the 
Metropolitan District Commission of 
Massachusetts. In this ease its fune- 
tions are controlled by the state. 
Others, such as the Milwaukee Sewer- 
age Commission, are under the control 
of the city, and the administrative 
officers are appointed by the munici- 
pality. Another type of special or- 
ganization is the independent corpora- 
tion which in Pennsylvania is called 
the ‘‘Municipal Authority.’’ When 
established, it operates independently, 
issuing bonds for construction pur- 
poses, and after the system is placed 
in service it collects revenues to pay 
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interest, sinking fund, operation and 
other costs. The Sanitary District of 
Chicago and the Minneapolis-St. Paul 
Sanitary District fall within this classi- 
fication. In Pennsylvania a municipal 
authority might issue bonds and con- 
trol the design and construction of a 
project, and then lease the completed 
facilities to the municipality for opera- 
tion. 

The nation is becoming stream pol- 
lution conscious, and a growing need 
for additional and more complete 
treatment of the sewage from munici- 
palities is evident. In January, 1945, 
the Pennsylvania Sanitary Water 
Board directed 183 municipalities to 
prepare plans for sewage treatment. 
Supplemental orders were later issued 
to 92 similar governmental units. 
Other states today are likewise engaged 
in active programs for stream pollu- 
tion abatement, and a large number of 
municipalities are faced with the prob- 
lem of constructing sewage collection 
and treatment works. 

The construction of these facilities 
involves the problem as to how this 
new financial burden may be added to 
the present heavy demands which are 
made upon the taxpayers. Should 
new bonds be issued, should the project 
be constructed out of current revenues, 
should sewer rentals be charged to pay 
the debt service charges and operating 
eosts, or should the carrying charges 
be obtained through increased taxa- 
tion? In many instances a municipal- 
ity does not have sufficient borrowing 
capacity to finance sewage construc- 
tion, and it must depend upon other 
methods of financing, such as the issu- 
ance of revenue bonds. 


Common Methods of Financing 


The common methods by which a 
municipality may raise funds for the 
construction of sewage facilities are: 


1. General obligation bonds. 
2. Special assessments or special as- 
sessment bonds, 
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3. Current revenue from existing 
sources or from reserves. 

4. Revenue bonds or revenue certifi- 
cates. 

5. Creation of a special organization 
or independent corporation, such as a 
municipal authority, a metropolitan 
district, a sanitation commission or a 
sanitary district. 

6. Temporary loans. 

7. By a combination of two or more 
of the above methods. 

8. Through a privately owned sewer 
company. 


General Obligation Bonds 


The first and most commonly used 
method is the issuance by a municipal- 
ity of general obligation bonds, the 
proceeds of which are to pay all costs 
for constructing a complete sewer sys- 
tem, including the branch sewers as 
well as outfall sewers, pumping sta- 
tions, foree mains and sewage treat- 
ment plant. The ability of a munici- 
pality to issue general obligation bonds 
is dependent upon its borrowing ¢a- 
pacity and such bonds ean be issued 
only within the limits set by the legis- 
lation which governs this function. 
In the state of Pennsylvania a munici- 
pality may incur a debt of 2 per cent 
of its assessed valuation of property 
for taxing purposes without obtaining 
the consent of the electors, and up to 7 
per cent with the consent of the elec- 
tors. 

General obligation bonds are secured 
by the general taxing powers of a mu- 
nicipality and in some states are issued 
in serial form maturing annually, and 
in other instances they are issued to 
mature at the termination of the life 
of the bonds. The procedure may 
vary depending upon the laws of the 
state. 

This type of bond is attractive to in- 
vestors because it is backed by taxing 
power and, therefore, usually bears a 
lower interest rate than a revenue 
bond, On the other hand, it uses a 
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large portion of borrowing capacity 
for one special purpose. 


Special Assessments or Special 
Assessment Bonds 


The next method of financing sewage 
projects is by assessing the cost against 
the abutting property owners. When 
bonds are issued for this purpose they 
are often known as ‘‘baby bonds,’’ and 
the abutting owners are assessed for 
the retirement of the bond. In Penn- 
sylvania, only the cost of the sewers 
may be assessed against property own- 
ers abutting the lines. This method of 
financing is seldom if ever used exclu- 
sively, since part of every sewage 
system is non-assessable, and it is 
usually necessary to supplement the 
assessments with the proceeds from 
some other type of bond, such as gen- 
eral obligations. 

There are two commonly used meth- 
ods of assessing the cost of part of a 
sewer system; one is by benefits and 
the other is by the ‘‘front-foot rule.’’ 
Where a municipality cannot afford 
to issue general obligation bonds for 
an entire sewage project, it often can 
issue sufficient bonds to provide funds 
for the non-assessable costs, such as the 
sewage treatment plant, the outfall 
sewers, the pumping stations and the 
force mains, permitting the cost of the 
collection system to be borne by the 
property owners abutting on and bene- 
fiting by the sewers. 

In some states it is customary to pay 
the contractor in assessment bonds, 
which before the war bore interest 
rates of 5 to 6 per cent. This type of 
hond is redeemed when the property 
owner pays his assessment. It is also 
the practice in many localities to per- 
mit property owners to pay the assess- 
ment over an extended period of 5 or 6 
years, by charging interest on the un- 
paid balance. In some states the sewer 
assessment bonds are secured solely by 
the assessment and are not supported 
by the general taxing power of a mu- 
nicipality. This was once the case in 
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Pennsylvania, but the Legislature has 
since provided that sewer assessment 
bonds are to be secured by the general 
taxing power of a municipality. In 
Pennsylvania, it is now the custom to 
issue short-term serial general obliga- 
tion bonds (say 5 years) for construct- 
ing branch sewer lines; the assessments 
are collected from the abutting prop- 
erty owners and the short-term obliga- 
tions are then retired. 

Special assessment financing has been 
used extensively for sewer construction 
and appears to be more practical for 
this purpose than for financing the 
cost of sewage treatment facilities, al- 
though in many states the latter pro- 
cedure is permitted and has been suc- 
cessful. 


Current Revenue from Existing 
Sources or Reserves 


It is not customary for a municipal- 
ity to use current revenues or reserves 
for major construction operations. 
This method might be used for minor 
extensions, provided the construction 
cost is not great. 

In some states reserves were in- 
creased during the war period due to a 
curtailment of normal repair and main- 
tenance operations. Limited funds 
are therefore available for use as capi- 
tal costs. In many states, however, 
the budget of municipalities is gov- 
erned by state regulations which do 
not permit the accumulation of a re- 
serve. 


Revenue Bonds or Revenue 
Certificates 


‘*Non-debt’’ revenue bonds or reve- 
nue certificates are secured solely by 
revenue derived from sewer rentals or 
from sewer service charges. The debt 
created is usually not included in the 
constitutional or statutory limits pro- 
vided by law. The annual sewer ren- 
tals or sewer service charges which 
may be imposed under this method 
should be sufficient to meet all expenses 
including : 
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(a) The costs of operation, mainte- 
nance, repair, alteration, inspection, 
depreciation and other expenses. 

(b) Such annual amount as may be 
necessary to provide for the amortiza- 
tion of the revenue bonds issued by the 
municipality to finance construction of 
the facilities, together with interest 
thereon, in order that the improve- 
ments may become self-liquidating. 

(ce) Sufficient allowance for the es- 
tablishment of a margin of safety of 
not less than 10 per cent. 

In some states the annual sewer ren- 
tal or sewer service charge which is 
imposed by a municipality may be 
made a lien on the property, and may 
be collected in the manner provided by 
law for the filing and collection of mu- 
nicipal liens. This method of financ- 
ing is used effectively where a munici- 
pality does not have _ sufficient 
borrowing capacity to finance the 
project with general obligation bonds. 
The revenue bond usually bears a 
higher interest rate than general obli- 
gation bonds since it is not supported 
by the taxing power of a municipality. 

Because of a decision of the Supreme 
Court of Pennsylvania in the ease of 
Lighton et al. vs. Abington Township, 
336 PA 345-368 (1939), the leading 
bond attorneys in Pennsylvania have 
been unwilling to give their approval 
to the non-debt revenue sewer bond. 
While the Court in that case did not 
specifically hold that the Act under 
which such bonds could be issued was 
unconstitutional, it did hold that the 
method by which the security of the 
bonds was to be enforced in the Abing- 
ton case was in violation of the Con- 
stitution. The Abington indenture 
provided that, in case of a default in 
the payment of the carrying charges 
on the bonds to the trustee, and said 
trustee could take actual possession of 
the sewer system and operate it so that 
interest and sinking fund payments 
and operating costs could be met. The 
Court held that the delegation of this 
power to the trustee by the munici- 


pality was unconstitutional under a 
particular provision of the Pennsy!- 
vania Constitution. The Court fur- 
ther indicated that it was not in favor 
of sustaining legislation which per- 
mitted municipalities to cireumvent 
constitutional limitations on debt. 

The use of non-debt revenue sewer 
bonds in Pennsylvania is therefore not 
generally practiced. In the ease of 
first-class cities (Philadelphia only), 
however, there is a provision in the 
Constitution (Section 15, Article 9 
which permits a debt that is self-sup- 
ported by rentals or revenue to be free 
and not charged against the debt limit 
of the city. 


Special Districts, Commissions and 
Authorities 


A municipal authority, metropolitan 
district, sanitation commission or sani- 
tary district is a special body which is 
established to perform the function of 
providing sewage service. This type 
of organization may be created by one 
municipality or jointly by several 
municipalities or other political subdi- 
visions. For all practical purposes it 
is substantially the same as a corpora- 
tion, and the laws in many states au- 
thorize the formation by a municipal- 
ity of a corporation which is separate 
and distinct from the municipality 
itself. 

Among the powers granted to this 
type of organization is the power to 
borrow money and to issue bonds and, 
for that purpose, to enter into a deed 
of trust or indenture in which the rev- 
enues received are pledged as security 
for the bonds. Thus, if a municipality 
is unable to finance the construction of 
sewage facilities by either general obli- 
gation or assessment bonds, it may or- 
ganize this type of independent corpo- 
ration which has the power to construct 
the facilities, to charge the property 
owners for their use, and to finance 
the construction by the issuance of 
bonds secured by sewer rentals or 
sewer service charges, 
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With this type of organization, the 
revenues from sewer rentals must be- 
gin within a reasonably short period 
of time after the bonds are issued so 
that debt service charges can be met. 
On a newly constructed sewer system it 
is prudent to delay the first retirement 
of the serial bonds for approximately 
five years after the start of construc- 
tion of the project. This will allow 
time for sewer connections to be made 
(Figure 1). Where a sewer system is 
already in service and where only sew- 
age treatment facilities are to be con- 
structed, the sewer rentals may be 
charged immediately. 

In 1935 the Legislature of Pennsyl- 
vania enacted the Municipal Authori- 
ties Act which authorizes the forma- 
tion of an independent organization 
to perform the functions above de- 
scribed. Since then 100 authorities 
have been established, 9 of which oper- 
ate sewer systems. The municipal au- 
thority has been found to be most 
effective, especially for joint projects 
involving large numbers of political 
subdivisions. 

Special independent organizations 
have been created in many states by 
enabling legislation to perform the 
function of rendering sewage service. 
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Reference has already been made to 
the Metropolitan District Commission 
of Massachusetts, to the Milwaukee 
Sewerage Commission, to the Sanitary 
District of Chicago and to the Minne- 
apolis-St. Paul Sanitary District. 

The Sanitary District of Chicago 
was established in 1889 and the North 
Shore Sanitary District in 1911, both 
under special state laws. In 1917 the 
Illinois Legislature enacted a general 
sanitary district law and, by 1946, 
there were 28 districts operating under 
this Act. 

The Illinois law provides that the 
residents of the area to be served must 
petition for an election to determine 
the question of the establishment of a 
district. A district so established by 
a majority of the electors has the 
power to levy and collect taxes and to 
issue bonds not to exceed 5 per cent of 
the valuation of taxable property. <A 
district may also apportion and collect 
an additional charge for the treatment 
of industrial wastes, and may levy spe- 
cial assessments on properties which 
benefit by the construction of collect- 
ing sewers. Greeley, in his paper en- 
titled ‘‘Organizing and Financing 
Sewage Treatment Projects’? (ASCE 
Proceedings, December, 1942), stated: 
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YEARS AFTER DATE OF COMPLETION OF SANITARY SEWER SYSTEM 


FIGURE 1.—Curve showing rate of connections to newly completed sanitary 
sewer system. 
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“The experience in Illinois in the admin- 
istration of Sanitary Districts under the 
1917 Act has been so good that this method 
of procedure could well be extended to 
other parts of the United States.” 


The Regional Hampton Road Sani- 
tation Commission, Hampton Road, 
Va., was established by an election and 
came into existence by the appointment 
of five commissioners by the Governor. 
This commission may construct and 
operate sewage treatment projects. 

The East Bay Municipal Utilities 
District in California may purchase or 
construct revenue-producing utilities 
after approval by vote of the people. 
Rawn, in his paper ‘‘Sewer Rentals’’ 
(Public Works Engineer’s Year Book, 


1941), states: 


“The recently enacted Sewer Revenue Bond 
Act in the State of California provides 
for the construction of sewerage systems 
to be financed by revenue bonds which in 
turn are repayable from sewer rental 
charges. It is complete, comprehensive 
and is based upon the best practices 
throughout the United States.” 

The Passaic Valley Sewerage Com- 
mission of New Jersey may formulate 
projects but cannot construct them 
until a prescribed number of munici- 
palities within the district have ap- 
proved the plan and have further obli- 
gated themselves to furnish the con- 
struction funds. 

The Washington Suburban Sanitary 
‘District, embracing Prince George’s 
and Montgomery Counties, Maryland, 
is empowered to construct and main- 
tain sewage disposal projects. It may 
borrow money, levy a tax or make spe- 
cial assessments and service charges. 

The Buffalo, N. Y., Sewer Authority 
is authorized to issue revenue bonds 
for construction purposes. 

The Michigan law allows the incor- 
poration of any two or more munici- 
palities into metropolitan districts. 
Communities of Wayne County, Mich., 
have formed regional organizations, 
which have contracted with the city of 
Detroit for treatment of the sewage. 
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In Wisconsin, some 40 sanitary dis- 
tricts have been organized in unincor- 
porated township areas. Most of these 
districts discharge sewage to large 
neighboring communities, while a few 
have their own treatment facilities. 
The district is started by a petition to 
the Town Board of 60 per cent of the 
property owners in the area. A Town 
Board establishes boundaries and ap- 
points three commissioners who may 
issue general obligation bonds up to 
5 per cent of assessed valuation. They 
may also issue revenue bonds. 

The Baltimore County Metropolitan 
District (Maryland) may borrow 7 per 
cent of the assessed valuation of the 
area serviced, for water and sewage 
facilities, and may issue general obli- 
vation bonds not exceeding 50 years in 
term. It is the practice to issue 40- 
vear bonds. The cost of constructing 
sewer lines is assessed against abutting 
property owners on the basis of an an- 
nual payment of 15 cents per foot of 
pipe per year for 40 years. The cost of 
the sewer construction, in this ease, 
was expected to be amortized in a 40- 
year period. (The 15 cents per foot 
was sufficient prior to the war, but to- 
day this unit price is inadequate to 
meet the interest payments and to 
amortize the bonds in 40 years.) In 
addition to this annual charge covering 
construction costs, the Baltimore 
County Metropolitan District also 
levies a charge of $6.32 per year for 
the operation and maintenance of the 
sewer lines and of the sewage treat- 
ment facilities. In the case of a defi- 
ciency, the district is empowered to 
levy an ad valorum tax to make up the 
deficiency. Property owners pay the 
costs of constructing the house connec- 
tion from the sewer line in the street 
at the rate of $4 per lineal foot. 

In Indiana, municipalities may issue 
revenue bonds secured only by revenue 
from service charges. This provision 
is set forth in the Revenue Bond Act 
of 1932 (amended 1933). Sewer ren- 


tals and sewer service charges, in this 
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ease, must be sufficient to carry all ex- 
penses, including sinking funds, re- 
tirement of bonds and with a margin 
of safety added. The debt service 
charge has priority on revenues and 
the remainder of the annual revenue 
is used for operation, depreciation and 
maintenance. After these charges are 
paid, if any funds remain they are 
transferred to the sinking fund or to a 
fund for extensions, betterments and 
additions. The courts have ruled that 
these bonds do not constitute a debt 
of the municipality. 

In Florida the 1935 Legislature 
passed an act authorizing any com- 
munity to issue mortgage revenue cer- 
tificates or debentures without regard 
to limitations of municipal indebted- 
ness for the construction and opera- 
tion of ‘‘public works.’’ These cer- 
tificates do not constitute a debt 
against the municipality, but they 
form a lien upon the property and the 
revenues of the utility. Gillespie, in 
his paper entitled ‘‘ Financing Sewage 
Construction in Florida’’ (Tuts Jour- 
NAL, September, 1944), stated: 


“Florida communities which have _ pro- 


ceeded under this plan have operated suc- 
cessfully, including Tallahassee and Clear- 
water. This provides a workable means 
for many Florida communities to finance 
sorely needed sanitary improvements.” 


The Florida courts recently upheld 
the Miami sewer revenue bond plan, 
and this decision is considered to be 
of primary importance. The decision 
sustains the financing on a revenue 
bond basis without an election. It sus- 
tains the basis of the sewer service 
charges, the shutting off of water for 
the non-payment of such charges and 
the forcing of property owners to con- 
nect their premises with the sewer sys- 
tem. The Miami sewer revenue bonds, 
for all practical purposes, will afford as 
good security as its water revenue 
bonds. 

It is understood that the first munici- 
pal revenue bonds issued in this coun- 
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try were based on water revenue at 
Spokane, Wash., and that the sinking 
fund and the interest on the bonds was 
payable exclusively from the income 
of the Spokane water works. It was 
established that these bonds did not 
constitute a gene.al obligation of the- 
municipality, and that a municipality 
could issue this type of bond or ecertifi- 
cate which would not be classified as a 
direct obligation. It appears that the 
Spokane case established the legality 
of a bond which is based solely upon 
service revenues. 


Temporary Loans 


If the construction cost is not exces- 
sive, temporary short-term loans may 
be used to finance sewage projects. 
This procedure eliminates the necessity 
of long-term annual plan payments. 
If the capital expenditure can be re- 
paid out of the current revenues in 
less than five years, this method of pro- 
cedure might be advantageous. 


Combinations of Two or More 
Methods 


Good financing indicates that money 
should be borrowed and bonds issued 
only for funds which cannot be raised 
in other ways. Therefore, if any cash 
on hand or excess revenue is available 
to help defray the cost of construction, 
the amount of a bond issue may be re- 
duced with a corresponding saving in 
the annual debt service. 

Reference has already been made to 
the possibility of combining special 
assessments with the proceeds of gen- 
eral obligation bonds. This is a prac- 
tical procedure which has been em- 
ployed on numerous occasions by the 
author. If the sewers are assessed 
against the abutting property owners, 
and the cost of the sewage treatment 
facilities, pumping stations, force 
mains and outfall sewers are financed 
through general obligation bonds, the 
result is that the property owner would 
make a down payment for branch 
sewer construction which before the 
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war without Federal aid in the East- 
ern Pennsylvania region amounted to 
approximately $3 per front foot. The 
sewer rental required to pay the inter- 
est and sinking fund on the bonds and 
to operate the facilities ranged between 
$10 and $15 annually. If the entire 
eost of construction, including the 
branch sewers, was financed by rev- 
enue bonds, the annual rental would 
have ranged between $20 and $25 per 
year, based on pre-war construction 
costs. Today the issuance of revenue 
bonds to finance completely the con- 
struction of collection and 
treatment facilities would result in an 
annual sewer rental per property rang- 
ing from $30 to $35. 

The combination as practiced by the 
Baltimore County Metropolitan Dis- 
trict was a well-conceived plan and 
appears to be a suitable method of em- 
ploying a combination of financial 
principles. 


sewage 


Privately Owned Sewer Companies 


Pennsylvania has more _ privately 
owned sewer companies rendering sew- 
age service than any other state. 
Fourteen of these privately owned cor- 
porations are in existence; most of 
them were established many years ago. 
A private corporation is required to 
pay State and Federal income and 
other taxes and also is entitled to re- 
ceive a larger return on. its invested 
capital than the interest rate which is 
now paid on municipal bonds. It 
therefore appears more economical for 
a municipality to construct sewage 
works by any of the seven methods 
hereinbefore described than to grant a 
franchise to a privately owned corpo- 
ration. The author has been associ- 
ated with the construction of addi- 
tional facilities and with the operation 
of several privately owned sewer com- 
panies, and it is believed that a private 
company can operate as economically, 
if not more so, than a municipality. 
One distinct disadvantage to the 
private sewer company is its inability 
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to enforce sewer connections. A mu- 
nicipality has the power to enact laws 
compelling connections to be made to 
a sewer system, whereas a private util- 
ity must depend upon voluntary con- 
nections by the property owners. The 
fewer the connections to the sewer 
system, the higher will be the annual 
rental per unit of property served. 
The author has knowledge of one mu- 
nicipality served by a private sewer 
company where not more than 60 per 
cent of the houses are connected to the 
sewer lines, in spite of the fact that the 
town is entirely sewered. 


Revenue from Other Municipal 
Utilities 

One unusual method of financing the 
construction of sewage works would be 
to secure bonds covering part of the 
capital cost by revenue from other 
utilities owned by the municipality. 
This procedure makes it possible to re- 
duce the annual sewer rental charge. 

The author has recently developed a 
plan to finance a municipal sewer sys- 
tem by this method. The total cost of 
the project is $310,000. The munici- 
pality owns its water works and _ has 
sufficient annual surplus from water 
works operation to support a_ bond 
issue of $125,000. The water works 
system will be conveyed to an author- 
tty and in turn leased back to the mu- 
nicipality for operation. The $125,000 
bond issue supported by water works 
revenue will be added to a second bond 
issue of $185,000 supported by sewer 
rental revenue, thus making $310,000 
available for the construction of the 
sewage facilities. This procedure 
makes possible the establishment of a 
low annual sewer rental. It does not 
require an increase in water rental, 
but on the other hand it does use up 
the annual operating surplus from the 
water works system. 

A plan which accomplishes a result 
similar to that described above, with 
the combination of water and sewage 
under one operating head within the 
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municipal government and with the 
use of limited sums of water works 
operation surplus for financing sewage 
projects, was enacted in 1943 by the 
Ohio Legislature. This Act provides 
for the accumulation of a reserve each 
year of 5 per cent of the gross revenue 
before any diversion ean be made to 
the sewage works fund. It further 
provides that 10 per cent of the gross 
revenue of the water works operation 
may be taken from surplus to provide 
only for the payment of the cost of 
operation, maintenance and repair of 
the sewage system, sewage pumping, 
sewage treatment and disposal works, 
or it may be used for the enlargement 
or replacement of these facilities. 

The Yakima, Washington, sewage 
treatment plant is. operated by the 
Water Department, which adds 20 per 
cent to the water rates to cover sewage 
treatment plant operation costs. 


Plan of Procedure from an Engineer- 
ing, Financial and Legal 
Viewpoint 

The engineers who design sewage 
facilities have the responsibility of 
producing a system which will provide 
the required service at a minimum cost 
of construction, operation and mainte- 
nanee. It is the responsibility of those 
who are charged with the preparation 
of a plan for financing to devise a 
method which will produce the least 
possible burden upon the taxpayers 
and users. It is advantageous to ar- 
range early in the proceedings for the 
employment of a bond attorney to as- 
sist the local City Solicitor in the prep- 
aration of ordinances and other docu- 
ments. The importance of securing 
proper legal advice cannot be stressed 
too strongly. Many pitfalls will be 
avoided if this procedure is followed. 


Special Assessments 


It is also very important that a sewer 
assessment ordinance be carefully pre- 
pared. In Pennsylvania, for instance, 
this ordinance should contain a de- 
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tailed description of the location of 
each individual sewer line by streets, 
a description of all rights-of-way for 
the sewer lines, a description of sites 
for pumping stations and the sewage 
treatment plant, and the authorization 
for the municipality to make and enter 
into contracts on the part of the mu- 
nicipality for the construction work. 
A sewer assessment ordinance should 
further provide that the cost and ex- 
penses of the collection system be paid 
by the assessment of the amount of 
such costs as a charge upon the prop- 
erties abutting upon the sewers, if 
such procedure is adopted. In the 
ease of corner lots, the ordinance should 
set forth the method of assessing such 
properties where sewers are con- 
structed on both sides of the corner. 
It is customary to allow a 100-foot ex- 
emption on the long side. The method 
of assessing irregularly shaped prop- 
erties should be completely covered in 
a sewer assessment ordinance and 
should be fair. It is necessary to 
state further in a sewer assessment 
ordinance that, immediately upon the 
completion of the sewer system, the 
engineers should ascertain the exact 
cost of that portion of the system 
which is assessable against the adjoin- 
ing properties. 

A section of the ordinance is devoted 
to the payment of assessment bills, and 
it usually states that the proceeds from 
the assessments are to be retained by 
the treasurer in a sinking fund to be 
applied in payment of the principal 
and interest on the ment bonds. 
Should an owner of a property against 
which an assessment is made neglect 
to pay the assessment within a definite 
time period, such as 30 days after it 
becomes due, the municipality should 
then file a claim, together with a pen- 
alty of, say, 5 or 6 per cent plus the 
interest on the principal, and it then 
becomes the duty of the municipal at- 
torney to file a lien against the prop- 
erty. 

It may be well to point out the pit- 
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falls in the preparation of sewer as- 
sessment lists. In order that a sewer 
assessment may be properly prepared, 
it is necessary to make a search of the 
titles of the properties to ascertain the 
names of the property owners and also 
the front footage upon which the as- 
sessment is to be based. Complete 
plans of all assessable properties should 
be prepared, showing the location and 
size of all properties, together with the 
assessable frontage. and the location of 
the sewer lines. Care should be exer- 
cised in the preparation of these plans 
so that their accuracy cannot be ques- 
tioned. 


Revenue Bonds 


The methods utilized in arranging 
for the financing of a sewage system 
with revenue bonds, whether it be di- 
rect by the municipality or by an inde- 
pendent organization, will be practi- 
eally the same. The preliminary steps 
will be similar to the methods employed 
if general obligation or sewer assess- 
ments are utilized. An engineering 
study must first be made and a plan 
prepared. The financial phase of the 
problem must be studied, a bond at- 
torney consulted, and the public edu- 
eated. This perhaps is of greater 
importance where revenue bonds are 
issued than in the case of general obli- 
gation bonds. Revenue bonds are some- 
what similar to corporate issues. 

In order to make revenue bonds sale- 
able, careful engineering estimates and 
a report must be prepared. These esti- 
mates must show accurate data on the 
costs of construction, operation, main- 
tenance, collecting sewer rentals and 
depreciation, together with the number 
of houses and the rate at which the 
houses will be connected to the sewer 
system during the early years of de- 
velopment. The annual sewer rental 
should be sufficient to meet all opera- 
tion and debt service costs, together 
with a fund sufficient to establish a 
margin of safety. It is not safe to es- 
tablish a margin of safety of less than 
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10 per cent. Since the revenue to be 
obtained from sewer rentals is the sole 
security for the revenue bond, great 
care is necessary in the preparation of 
estimates. 

It is necessary to establish the sewer 
rental rates prior to the issuance of 
bonds in order that the bond purchasers 
may have full knowledge of the ex- 
pected revenue. If the charge is to be 
based on fixture units, then a survey 
must be made of the fixtures in the 
municipality. If the rental is to be 
based on water consumption, then these 
data must be assembled. 

Where a new system is established, 
eareful consideration should be given 
to what is commonly called the ‘‘lag’’ 
in the rate at which the houses will be 
connected to the system during the de- 
velopment period, and also in the col- 
lection of rentals after connections are 
made. Determination should be made 
as to whether the service charges are 
to be made in advance or after. Fig- 
ure 1 is the result of experience as to 
the rate of connections to a newly con- 
structed sewer system during normal 
periods. 

At present, however, house connec- 
tions are made more rapidly if labor is 
available to carry out the installation. 
On a recent extension to a previously 
established sewer system in the Phila- 
delphia Suburban region, 135 houses 
out of 148, or 91 per cent, were con- 
nected to the system within a period of 
one year. On the same system 60 per 
cent of the people paid their entire 
sewer assessments within one year, and 
this represented 70 per cent of the 
total money value of all assessments. 


Sewer Revenue Methods and Rate 
Schedules 


A fair and equitable rate schedule 
is necessary for the successful financ- 
ing of a sewage system, whether it be 
by general obligation or revenue bonds. 
Care must be exercised to work out a 
schedule based on service rendered. 
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A proper system of charges will make 
possible a more advantageous sale of 
revenue bonds, and will relieve the tax 
levy on the taxpayer in case of general 
obligation bonds. An inadequate or 
poorly developed schedule may jeop- 
ardize an entire program. The follow- 
ing rate bases have been successfully 
utilized : 


1. Water consumption. 

2. Plumbing fixture count. 

3. Flat rate. 

4. Character of property served 
(church, school, store, home, number 
of rooms, ete.). 

5. Number of sewer connections. 

6. Value of property served. 

7. Size of water meter. 

8. Volume and character of the sew- 
age or industrial waste. 


These methods have been used in 
combination among themselves and 
have likewise been used in combination 
with an ad valorum tax on real estate. 
These eight methods have been modi- 
fied and combined in the following 


Ways > 


(a) A service charge plus metered 
water consumption. 

(b) Graduated schedule of charge 
based on water consumption. 

(ec) Combination of assessed valua- 
tion and water consumption. 

(d) Graduated charge on basis of 
water consumption, plus an additional 
charge based on the character of sew- 
age or industrial waste. 

(e) Charge based on floor area or the 
footage of property served. 

(f) A rental based on the number of 
employees in an industry plus a water 
consumption charge. 


Water consumption, fixture count and 
flat rates appear to be the most popular 
methods. The procedure varies in dif- 
ferent states, however, due to differ- 
ences in the laws. The Supreme Court 
of Pennsylvania recently upheld an 
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ordinance of the city of Philadelphia 
imposing a sewer rental based on var- 
ied percentages of the water bills, such 
percentages reducing with increased 
water consumption. The court has 
specifically rejected a sewer rate based 
upon the value of the property served. 

In Florida, monthly minimum charges 
are graduated, with the small indi- 
vidual home at a normal rate and the 
larger building and larger water users 
at a higher rate. Experience in Flor- 
ida is that municipal ownership of 
water utilities provides a_ practical 
method of billing the sewer charge. 

In Oregon, the two most common 
methods of charging for sewer service 
are on the basis of water consumption 
and flat rates. Collection may be forced 
by a lien on property or by shutting 
off water service. The city of Portland 
adjusts sewer rental for water not 
reaching sewers and allows for lawn 
sprinkling by providing charges for 
the months of June to September not to 
exceed the monthly average of charges 
for the previous four months. Most 
Oregon cities place sewer rental 
charges on water bills where the water 
works is municipally owned; this re- 
sults in a small cost of collection. 

3rockton, Massachusetts, appears to 
be the first city in the country to adopt 
a sewer rental plan (1894). Sixty per 
cent of the required operating revenue 
is from sewer rentals and the remain- 
ing 40 per cent is from general taxa- 
tion. 

Buffalo, N. Y., has a two-part rate. 
Fifty-five per cent of the revenue is 
obtained from a sewer rental based on 
water consumption, and the remaining 
45 per cent is obtained from a sewer 
rental based on service to area. This 
latter charge is distributed and meas- 
ured on the basis of the assessed 
valuation. 

In Bloomington, Ind., sewer charges 
are based on a sliding scale on water 
consumption. Bills are rendered 
monthly with a minimum of 25 cents 
per month. By comparison, the sewage 
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charge is 25 to 35 per cent of the water 
bill. 

In Detroit, a sewage treatment 
charge is imposed on the basis of water 
consumption at a uniform rate regard- 
less of the purpose for which used. 
Water proved not entering the sewers 
is exempt. The ordinance provides the 
right to lien unpaid water bills and 
also to discontinue water service if 
sewer charges are not paid. 

In Coatesville, Pa., the sewage rental 
is charged at 60 per cent of the water 
bill. In Media, Pa., it is 40 per cent 
of the water bill, and at Oxford, Pa., it 
is 75 per cent of the water bill. 

Rental charges on sewers are now 
made by 18 per cent of all cities over 
10,000 population, according to the 
International City Managers’ Associa- 
tion. This organization reports that 
cities over 250,000 rely almost exclu- 
sively upon metered water consump- 
tion as the basis of the charge. 


Grants-in-Aid 


Many municipal officials today an- 
ticipate State or Federal aid for the 
construction of sewage facilities. Gen- 
erally speaking, most municipalities 
are able, by means of borrowing ¢a- 
pacity, revenue bonds, or by creating a 
special district or authority, to finance 
the construction of complete systems or 
of extensions and enlargements to 
present systems. Sewer rentals can be 
used as a means to support the revenue 
bonds. With a Federal debt reaching 
such high proportions, it appears 
doubtful if Federal aid will be made 
available, except during times of great 
unemployment. On the other hand, 
the state and municipal debts are lower 
now than before the war. 

Some states have made arrangements 
for grants to aid in financing prepara- 
tion of plans for municipal improve- 
ments. The government, through the 
Federal Works Administration, will 
also make non-interest bearing loans 
for plan preparation. 
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Effect of Increased Construction 
Costs and Decreased Bond Issue 
Rates on Financing Sewage 
Systems 


Howson, in his paper ‘‘ Future Costs 
and Their Effects on Engineering 
Budgets’’ (ASCE Proceedings, 72, 3, 
337; March, 1946), stated: 


“Engineers should be realistic. Postwar 
construction costs are bound to be ma- 
terially higher than prewar. In most lines 
of general construction the increase above 
1940 will probably approximate 50% by 
1950, and in certain classes of construc- 
tion such as pipe lines and sewers involy 
ing a large proportion of common labor, 
the increase will be materially higher.” 


The author has handled two small 
sewer extensions in the Philadelphia 
area, each comprising approximately 
2% miles of sanitary sewers. The in- 
erease in the cost of installing these 
sewers from 1943 to September, 1946 
was 32 per cent. 

For the past twelve years the gen- 
eral trend of municipal bond interest 
rates has been downward, and during 
the early part of 1946 they attained 
the lowest rate on record. From the 
standpoint of municipal finance, this 
means that the interest rate at which 
municipal bodies ean borrow money is 
favorable. How great this change in 
the cost of money to municipalities has 
been in the recent past is illustrated in 
Figure 2. An index of 100 municipal 
bonds throughout the country during 
1945 showed an average yield of 1.47 
per cent, as compared with an average 
yield of 4.15 per cent for the decade 
1922-1931, and of approximately 5.29 
per cent in 1933. This is a decided 
change in the market status of munici- 
pal credit and it means that our local 
governmental bodies can finance pro- 
jects at a cheaper interest rate than 
ever before. 

How long this situation will exist is 
problematical and can best be analyzed 
when consideration is given to the fac- 
tors which have produced the present 
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level of municipal bond prices. They TABLE I.—Annual Amortization Cost for an 


are: 


(a) The general downward move- 
ment in interest rates, 

(b) The increased importance of the 
tax-exempt feature of municipal bonds, 

(c) The improved financial condi- 
tion of many municipalities, and 

(d) Debt reduction in municipali- 
ties and a smaller volume of new issues 
of municipal bonds which have been 
available in the market during the 
war. 


When consideration is given to the 
relation between construction costs and 
interest rates on municipal bonds it will 
be evident that the cost of constructing 
sewage facilities in a municipality 
should be stated in terms of annual 
debt service requirements rather than 
in terms of construction costs. After 
all, it is the annual cost to the prop- 
erty owner which counts, and the cost 
to each individual must be determined 
by considering both the construction 
eost and the interest rate on the bor- 
rowed money. 

A study has been made by the anu- 
thor of the effect of the increased con- 
struction costs and decreased bond in- 
terest rates on financing sewer systems 
and sewage treatment facilities. The 
country is now faced with construction 
eosts (September, 1946) which are 
111.6 per cent higher than they were 
in 1933,-and 49 per cent higher than 
in 1940. However, the interest rates 
on municipal bonds are low today and 
with this lower rate, the annual amor- 
tization cost or debt service has not 
increased in proportion to the con- 
struction cost. (See Figure 2, a curve 
showing the relation between construc- 
tion cost and rate of interest on munici- 
pal bonds for the period 1933 to 1946.) 

In Tables I, II and III are presented 
the annual amortization costs for issues 
of 20, 30 and 40 year serial bonds to 
finance a construction cost of $1,000,- 
000, based on 1933 construction prices, 
with variations in the size of bond 


Issue of 20-Year Serial Bonds to Finance a 
Construction Cost of $1,000,000 Based on 
1933 Prices, with Variations in the Size of the 
Bond Issues for Years 1933 to 1946 Calcu- 
lated from Engineering News-Record Con- 
struction Cost Index 








Con- 


struction Con- Aver-| Rate of , omy 

Cost struction | age | Amorti- 4 otal 

Year| ENR Cost Bond | zation? ys At sto 
| Index of Yield} (20 ~_— 

| (1913 Project | (%) | Years) ore 
=100) ears 











1946 360.193 |$3 
1945 307.74 


2,116,523 | 1.584 | $0.0587 | $124,200 
1 
1944 298.64 1 
1 
1 


1 

08,320 | 1.47 0.0581 105,100 
»754,850 | 1.61 0.0589 103,400 
:703,780 | 1.71 0.0595 101,400 
,623,630 | 2.10 0.0617 100,200 


1941 257.84 1,515,100 | 2.12 0.6190 93,800 

1940 241.96 1,421,780 | 1.85 0.0603 85,700 

1939 235.51 1,383,890 | 2.34 0.0632 88,500 
‘ 5 1,3 
1,3 


1943 289.95 
1942 276.31 


385,950 | 2.68 0.0653 90,700 
,379,190 | 3.07 0.0677 93,400 


1936 206.42 1,2 
1935 196.44 1,1 
1934 198.10 1,164,060 | ¢ 
1933 | 170.18 1,0 é 


12,950 | 2.73 0.0655 79,400 
5 3.24 0.0687 79,300 
82 0.0724 84,300 
.29 0.0822 82,200 




















Amortization Costs—Per Cent of 1933 Costs 


1946 = 151.1% 1939 = 107.7% 
1945 = 127.9% 1938 = 110.3% 
1944 = 125.8% 1937 = 113.6% 


1943 = 123.3% 1936 = 96.6% 
1942 = 121.9% 1935 = 96.5% 
1941 = 114.1% 1934 = 102.5% 
1940 = 104.3% 1933 = 100.0% 


1 From Chemical Bank & Trust Co. Publi- 
cation entitled, ‘A Thirteen Year Comparison 
of Prices and Yields of State and Municipal 
Bonds.” Average of 100 bonds listed. 

From Robinsonian Amortization Tables 
Period 20 years. 

3 ENR Construction Cost Index as of Sept. 1, 
1946. 

‘Yield of bonds as of Sept. 1, 1946, from 
Bond Buyer’s Index. 


issues for the succeeding years up to 
1946 calculated from the Engineering 
News-Record Construction Cost Index. 
In the preparation of these tables aver- 
age interest rates and yields of 100 
municipal bonds throughout the coun- 
try were used. 

Figure 3 shows the annual amortiza- 
tion cost requirements, including inter- 
est and sinking funds for supporting 
20, 30 and 40 year bonds during the 
period 1933 to 1946, inclusive. 

Figure 4 shows the relation between 
construction costs for the period 1933 
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TABLE II.—Annual Amortization Cost for an 
Issue of 30-Year Serial Bonds to Finance a 
Construction Cost of $1,000,000 Based on 
1933 Prices, with Variations in the Size of the 
Bond Issues for Years 1933 to 1946 Calcu- 
lated from Engineering News-Record Con- 
struction Cost Index 
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TABLE III.—Annual Amortization Cost for an 
Issue of 40-Year Serial Bonds to Finance a 
Construction Cost of $1,000,000 Based on 
1933 Prices, with Variations in the Size of the 
Bond Issues for Years 1933 to 1946 Calcu- 
lated from Engineering News-Record Con- 
struction Cost Index 








| Con- 
| struction Con- Aver-| Rate of i 
| Cost struction | age | Amorti- Aencntl 
Year| ENR Cost Bond | zation? geet jai 
| Index P of = ¥ (30 ) (30 
| (1913 roject (%) Years , 
=100) Years) 





1916 | 360.193 |$2, 
1945 | 307.74 


2,116,523 | 1.584 | $0.0421 | $89,100 

1 
1944 | 298.64 1 

1 

1 


0.0416 75,200 
; 0.0423 74,200 
,703,780 | 1.71 0.0429 73,200 


1943 | 289.95 
2.10 0.0453 73,600 

















1942 | 
1941 | 2.12 | 0.0454 | 68,800 
1940 1.85 0.0437 | 62,100 
1939 | 2.34 | 0.04685} 64,800 
1938 | 2.68 | 0.04895) 67,800 
1937 3.07 0.0515 | 71,000 
1936 | | 1,212,950 | 2.73 0.0493 | 59,800 
1935 | 196.44 | 1,154,310 | 3.24 0.0526 | 60,700 
1934 | 198.10 | 1,164,060 | 3.82 0.0566 | 65,900 
1,000,000 | 5.29 0.0672 | 67,200 


1933 | 170.18 | 
| 


Amortization Costs—Per Cent of 1933 Costs 


1946 = 132.6% 1939 = 96.4% 
1945 = 111.9% 1938 = 100.9% 
1944 = 110.4% 1937 = 105:7% 
1943 = 108.9% 1936 = 89.0% 
1942 = 109.5% 1935 = 90.3% 
1941 = 102.4% 1934 = 98.1% 
1940 = 92.4% 1933 = 100.0% 


1 From Chemical Bank & Trust Co. Publi- 
cation entitled, “A Thirteen Year Comparison 
of Prices and Yields of State and Municipal 
Bonds.” Average of 100 bonds listed. 

?From Robinsonian Amortization Tables— 
Period 30 years. 

> ENR Construction Cost Index as of Sept. 1, 
1946. 

‘Yield of bonds as of Sept. 1, 1946, from 
Bond Buyer’s Index. 


to 1946, inclusive, and the annual 
amortization costs for 20, 30 and 40 
year bonds. The following tabulation 


Con- 
struction Con- Aver-| Rate of ——- 
Cost struction | age | Amorti- Ann ti 
Year ENR Cost Bond | zation? na mio 
Index of Yield!} (40 “4 
, ; a ee 
Oe Project %) | Years) Vours) 





1946 | 360.193 |g2, 
1945 307.74 


2,116,523 | 1.58*| $.0339 | $71,700 
rf 
1944 298.64 Ay 
L; 
1 


1 

808,320 | 1.47 -0332 60,000 
754,850 | 1.61 -0341 59,800 
03,780 | 1.71 -03475 59,200 
2 


1943 289.95 : ’ 
3,630 | 2.10 .0372 60,400 


1942 276.31 




















1941 257.84 1,515,100 | 2.12 -03735 56,600 
1940 1,421,780 | 1.85 -0356 50,600 
1939 1,383,890 | 2.34 .0387 53,600 
1938 1,385,950 | 2.68 0411 57,000 
1937 | 1,379,190 | 3.07 -0438 60,400 
1936 | 1,212,950 | 2.73 -0415 50,300 
1935 | 1,154,310 | 3.24 .0448 51,700 
1934 | 1,164,060 | 3.82 0492 57,300 
1933 | 1,000,000 | 5.29 0606 60,600 





Amortization Costs—Per Cent of 1933 Costs 


1946 = 118.4% 1939 = 88.4% 
1945 = 99.0% 1938 = 94.1% 
1944 = 98.7% 1937 = 99.7% 
1943 = 97.7% 1936 = 83.0% 
1942 = 99.7% 1935 = 85.3% 


19384 = 94.6% 
1933 = 100.0% 


1941 = 93.4% 
1940 = 83.5% 


1 From Chemical Bank & Trust Co. Publi- 
cation entitled, ‘A Thirteen Year Comparison 
of Prices and Yields of State and Municipal 
Bonds.” Average of 100 bonds listed. 

2From Robinsonian Amortization Tables— 
Period 40 vears. 

3 ENR Construction Cost Index as of Sept. 1, 
1946. 

4Yield of bond as of Sept. 1, 1946, from 
Bond Buyer’s Index. 


reflects the relationship between in- 
creased construction costs and reduced 
interest rates on municipal bonds: 








Relation Between 


| 1933 and Sept., 1946 | 1940 and Sept., 1946 1933 and 1945 





Per cent rise in con- | 111.6 
struction cost 
Per cent rise in amor- 61.1 


tization cost using 
20-year bonds 

Per cent rise in amor- 32.6 
tization cost using 
30-year bonds 

Per cent change in 18.4 
amortization cost 
using 40-yr. bonds 











Relation Between Relation Between Relation Between 
1940 and 1945 
49.0 80.8 27.0 
45.0 27.9 22.9 
43.6 11.9 21.0 
41,7 —1.0 18.6 
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FIGURE 3.—Annual amortization cost for interest and sinking fund on 20-, 30- and 40- 
year municipal bonds during period 1933-1946. 
Note: Annual amortization cost is for an issue of serial bonds to finance a construction cost of $1,000,000 based 
on 1933 prices with variations in the size of the bond issues for years. 1933 to 1946 calculated from the Engineering 
News Record Construction Cost Index. 
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FIGURE 4.—Relation between construction cost and annual amortization cost including 
interest and sinking fund on municipal bonds during period 1933-1946. 
Note: Annual amortization cost is for an issue of serial bonds to finance a construction cost of $1,000,000 based 
on 1933 prices with variations in the size of the bond issues for years 1933 to 1946 calculated from the Engineering 
News Record Construction Cost Index. 
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TABLE VI.—Bases of Rentals and Charges Used in Various States 












































Wate No. of pe “4 Ty 
State Consump- Plumbing Connec- Flat Rate |p Sell —— Two- eo 
tion Fixtures | tions per : 
Dwelling erty | 
Alabama. .....| Occasional] Most Occa- | Occasional | — a 
common] _ sional 
Arkansas......| Most used] Yes Yes Yes — |None | = 
California. ....| Yes -- - Yes - | Yes 
Colorado...... oo — os Yes Yes | _ 
Connecticut. ...} Little used| ~ _- -- — — | — 
PLOTIAS. 65:5..5 4 Yes — — | Yes — - | — 
Georgia....... Yes Yes — Yes ap: oo 
Ilinois........ | 50% | 2% 2% | 20% 5% | —  |20% type property 
| | | | plus water con- 
| | | | sumption 
INGIATIA: «6° .2s-0:6: | Yes | - a — Yes | And in- - 
dustrial| 
| | waste | 
OWA i Sy iees | Yes — —_ Yes —— | - 
Kentucky.....| Yes | Yes | Yes Yes — | Yes | = 
Louisiana... ..| — | - Yes - — 
Maine.........| Yes | Yes Yes ee | _ 
Maryland. . | Yes Yes , Yes Yes | — 
Massachusetts .| At least 1 | -— - — |Some | - 
| case indus- | « 
| | | tries | 
Michigan...... | Chiefly | Occasion-| - - | Few in- | — 
ally stances | 
Minnesota.....] Yes — — | Yes | — | Char. of| Flai chgs. and water 
| | sewage) cons. 
Mississippi.....| Yes | — — | Yes Yes — 
Montana...... | Yes = - | - | 
Nebraska... ...] ~ | — - | (only 3 jo --— 
| eases) | 
New Jersey... | Yes Yes Yes | fet | 
New York..... | Yes | a | Yes | 
North Carolina.} Yes - — | Yes | = | - 
ONO SiG Sice ee 43% (Plus| Yes | Yes | Yes | ~ 
minimum | | 
charge) | | 
Oklahoma.... | — | Yes -— Yes Yes ~ 
Oregon........ | 42% 8% — |50% we 
Pennsylvania. .| Yes Yes -— Yes — | Yes 
DORBB cos 305% Yes Yes Yes Yes Yes | 
ViTGINIG a. 5s Yes Yes Yes Most used | Yes - | 
West Virginia. .| Principal — — Yes a - | _ 
| method | 
Wisconsin. ....| Yes Yes — | Yes — | Yes | Yes 
Wyoming...... — - io Almost ex- | — — | — 
| clusively 
| 




















During the period 1933 to 1946 con- 30-year bonds increased only 43.6 per 
struction costs inereased 111.6 per cent. 

cent, whereas the rise in amortization 
cost on 30-year bonds during the same 
period was only 32.6 per cent. Be- 
tween 1940 and 1946 construction costs Tables IV, V, and VI contain mis- 
increased 49 per cent while on the cellaneous data regarding the sewage 
other hand the amortization cost on financing methods used throughout 


General Data on Sewage Works 
Financing 
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the United States. These data were 
obtained chiefly from replies to ques- 
tionnaires and supplementary informa- 
tion furnished by the various state 
sanitary engineers. The data con- 
tained in these tables are summarized 
herewith : 


(1) Financing methods used by mu- 
nicipalities or special administrative 


units: 

Per Cent of 
40 States 
Reporting 


Number 
of States 


General obligation bonds are 


SUMMER Sees cehcisin o's 5 a inis Sis. 's 0 38 95 
Special assessment bonds are 

ROA MNR DSRS Soria Siddpareg.0 23 58 
Special assessments are used in 26 65 


Total using special assess- 

ments, with or without 

Lo Oe oe 85 
Ad valorem levies or revenues 

of other utilities such as 

water, electric, gas, etc., are 


EMME Ss 5 Gis aiclg o.,d0.8 9:6 19 18 
Revenue bonds are used in... 30 75 
Notes: 


(a) Revenue bonds are authorized 
by law in three states in addition to 
the above. 

(b) Revenue bonds are ‘‘non-debt’’ 
in 25 states. 

(ce) Revenue bonds create a lien on 
real estate in 9 states and do not create 
a lien on real estate in 20 states. 

(d) Revenue bonds are a mortgage 
on the property of the sewage works in 
2 additional states. 

(2) Bases of assessments used in 23 
states : 


Per Cent of 


Number 23 States 


of States Reporting 
UOC0 100 ng i 18 78 
RMD SS od a ove Wiss 5 22 
Lo ot | 4 17 
Property value:............ 2 8 
Per BUNGIE... ......56..55. ] 4 
(3) Special administrative units 


(authorities, sanitary districts, sanita- 
tion commissions, etc.) have been ere- 
ated in 27 states, representing 67 per 
cent of the 40 states reporting. Such 
special units are also authorized by 
law in one other state. 
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rental 
various 


(4) Bases of service or 
charges commonly used in 
states are as follows: 

Per Cent of 


Number 40 States 

of States Reporting 
Water consumption......... 27 68 
RRO MIRNS eo, sas ste ts a Shans 24 60 
Number of plumbing fixtures. 15 38 
Type of property........... 3... 1] 28 
Number of sewer connections 8 20 
Metered sewage............ 7 18 
Two- or three-part charges... 4 10 
No rental charges........... 4 10 


In 1932 Childs and Schroepfer re- 
ported that 26 states had either passed 
sewer rental laws or their constitutions 
were such that charges could legally 
be made. Today, of 40 states on which 
the author has information, rentals are 


or 


being collected in 36, or 90 per cent. 


Conclusions 

There appears *o be ample means 
available today for a municipality to 
finance the construction of sewer sys- 
tems and sewage treatment facilities. 
The creation of a special administra- 
tive district or commission has been the 
solution for many municipalities with 
limited borrowing capacities. With 
the benefit of experience with revenue 
bonds throughout the United States, 
sound methods are now available for 
most municipalities to construct new 
sewage works and to improve existing 
facilities. 

If a municipality has sufficient bor- 
rowing capacity to issue general obli- 
gation bonds, it ean proceed without 
question. Municipal debt limitations 
can be circumvented by the use of 
revenue bonds in some states and by 
the establishment of separate corpo- 
rate organizations under the laws of 
other states. Revenue bonds _ have 
been gaining in popularity but have 
not been used to the extent justified 
because of the lack of legislation in 
some instances, and because of the lack 
of experience with this method of fi- 
nancing in others. The trend today is 
toward use of revenue bonds and 
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toward the establishment of sanitary 
districts, commissions or authorities. 

Sewer rentals based on. water con- 
sumption appear to be the most popu- 
lar. The collection of sewer rentals on 
water bills is favored by municipali- 
ties owning water works systems. Joint 
sewage projects embracing drainage 
areas and disregarding political boun- 
daries have gained in popularity. 

The cost of constructing sewage fa- 
cilities in a municipality should be 
stated in terms of ‘‘annual debt serv- 
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ice requirements’’ rather than in terms 
of construction costs. 
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FINANCING SEWAGE WORKS—A DISCUSSION 


By F. M. VEatcH 


Black and Veatch, Consulting Engineers, Kansas City, Mo. 


Mr. Friel has given an excellent out- 
line of the methods of financing sewage 
works improvements, and it is interest- 
ing to note the variation of thought— 
as evidenced by the difference in state 
laws, in regard to this subject. 

One is forced to wonder why some- 
thing that is good in New York cannot 
be equally good in California, and to 
reach the conclusion that some state 
legislatures have not seen the entire 
problem. The present status of the 
revenue law in Pennsylvania, as de- 
seribed by Mr. Friel, is an example of 
a rather general need for legislation to 
clarify the situation, since the value of 
a law is certainly questionable if bonds, 
issued under its authority, cannot be 
sold. 

Mr. Friel’s analysis of the current 
situation, particularly as regards the 
combined effect of the high costs of 
construction and the low costs of 
financing, is worthy of careful study. 
As he has pointed out, there ‘‘ Appears 
to be ample means for financing con- 
struction,’’ and his statement that ‘‘ A 
fair and equitable rate schedule is 
necessary for the successful financing 
of a sewer system, whether it be by 
general obligation or revenue bonds’’ 
seems particularly appropriate. 

There is little doubt that the general 
idea of paying for sewers and sewage 
disposal, in terms of service rendered 
rather than as mere structural units, 
should be attractive. It should be at- 
tractive to the governing bodies of 
cities since it removes sewer costs from 


the mounting list of expenses that must 
be paid from taxes. The demand for 
public services has increased to the 
point that the fixed tax levies are com- 
monly inadequate, and the choice lies 
between limited service or obtaining 
additional revenue. It is a well known 
fact that ways and means of securing 
revenue, from sources other than taxes, 
is a major objective of at least one 
country-wide organization of municipal 
officials. 

Due to the inherent economy of 
suitable methods of financing, the plan 
usually has actual economy as well as 
tax relief in its favor. The idea of 
sewer service charges is attractive to 
the public, as soon as it is fully under- 
stood, since it offers a far more equi- 
table method of distributing costs than 
has been possible with ad valorem 
taxes. The current popularity of the 
plan of selling water on the basis of 
actual use is a case in point and, while 
the sale of sewer service differs in some 
detail, it is believed that the basic 
problem is similar. 

Charges for sewer service are at- 
tractive to health authorities since 
they offer assurance that sewers and 
sewage treatment, when once adopted, 
will be continued under favorable con- 
ditions of operation and maintenance. 

Finally, the plan is attractive to 
those who are responsible for the oper- 
ation of the systems, since it offers a 
reasonable chance of attaining the re- 
sults for which the system was built. 

The increasing popularity of ‘‘sewer 





nd 
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rentals’’ or ‘‘sewer charges’’ is evi- 
deneed by the number of cities which 
have adopted the plan. A particularly 
illuminating discussion of the basic 
reasons for the general policy of sewer 
rates is given by W. R. LaDue in his 
article on ‘‘The Ohio Plan for Finane- 
ing Sewage Works Improvements’’ 
(Jour. A.W.W.A., 35, 323-9; March, 
1944), 

An outstanding feature of existing 
rates for sewer service is the seeming 
lack of uniformity as regards bases and 
objectives as well as the absence of 
any common ground for comparison. 

Mr. Friel has mentioned eight eri- 
teria in current use as bases for sewer 
service charges. It is believed that his 
list is practically complete, so far as 
existing rates are concerned, and it is 
interesting to note that the use of a 
rate base predicated on investment in 
the property used and useful in serv- 
ice is not mentioned. The determina- 
tion of rates based on the cost of 
service is also not mentioned. These 
are recognized factors in rate making 
and there is cause to wonder why they 
have not been considered in the mak- 
ing of rates for sewer service. 

In this respect, there seems to be a 
remarkably clear analogy between the 
current situation in the sewage works 
field and that which existed in the 
fields of electricity, water and gas pos- 
sibly a half century ago. The last- 
named utilities, through years of effort, 
have evolved systems of rate making 
which are generally acceptable, and it 
appears that the time is about ripe for 
determined effort in the sewage field. 
Regardless of what a sewer rate is 
called, its adoption means, funda- 
mentally, that the system is to be oper- 
ated as a revenue-producing utility 
rather than as an article of public 
property such as a park. 

Very early in the history of rate 
making for utilities, it was realized 
that a large part of the costs of service 
has no relation to the particular com- 
modity sold, and it has been necessary 
to allocate these costs in various ways 
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in order that they may be distributed 
among the users in an equable manner. 
It is believed that this is particularly 
pertinent in sewer rates since the only 
difference is that the commodity is 
being disposed of rather than being 
furnished. There is no reason why 
this difference should prevent the de- 
termination of proper rates. 

Possibly the points just mentioned 
may be illustrated by a brief review of 
the schedule of sewer rates recently 
adopted at Billings, Mont., where it is 
necessary to separate a system of com- 
bined sewers and to construct treat- 
ment works. Service to approximately 
32,000 people and a capital investment 
of approximately $700,000 are in- 
volved. 

It was decided that all of the costs 
should be recovered in the form of 
rates, and the schedule of rates, cited 
below, was designed to accomplish this 
purpose. The rate is based primarily 
on the investment in the system, which 
is $1,200,000 inclusive of the current 
improvements. 

The annual cost of service is esti- 
mated to be $95,826, as follows: 


Operation and maintenance... $25,172 
PGR BORUIOO. s. «6.56 e 5is%ss veers 49,000 
DEDICCINLION «5s. cs sins ccisetowss * 17,079 
PRCCOUMUIN Dts << (5... 5 ioc kee ote 4,575 
PRG UA Hah oot Ta. ha ase Sake ee $95,826 


Ordinarily portions of this total 
would be allocated to the four accepted 
classifications of costs of service, 
namely, capacity, commodity, cus- 
tomer and public, but in this case, and 
in view the lack of precedent, it was 
decided to make only two allocations 
as follows: 


Fifty per cent of the cost was con- 
sidered to be due to the handling of 
the sewage and was distributed among 
the users in accordance with the ac- 
tual usage of water during the four 
winter months, when such use is a fair 
measure of the use of the sewers. 
This will be recognized as similar to 
the ‘‘commodity cost’’ in water rates. 
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The remaining portion of the cost 
was considered to be due to the ‘‘ca- 
pacity’’ of the system and was distrib- 
uted among the users, in accordance 
With the opportunity for use, with the 
size of the water meter as the deter- 
mining factor. 

Bills for sewer service are payable 
monthly and the amount appears as a 
separate item on the water bill. 

The schedule of rates is as follows: 


First 400 cu. ft. (minimum).... $0.75 
Next SOD ABs <5 acao'see-wa.e'sra:s 0.10 
Next “sO 000i Tt. .............. 0.08 
Next 40/000 cu. ft............... 0.06 
Next 50,000 cu. ft............... 0.04 
Next S000 wu. Tt... .......5..6 0.03 
All over 200,000 cu. ft............ 0.02 


The application of these rates to the 
customer accounts of the water depart- 
ment for the months of February, 
March, November and December, 1944, 
is shown in the following tabulation: 






































I pee Metered | 
3racket a} wo es na Annual 
in Units Num- | . U ree roerer fl Yielc 
of 100 ber of | Monthly | ef 00 | suet. Oh from 
Cu. Ft. es: 311 fe) . : ro ag Datos 
counts] ineive at | Saag (dol- 
| Oe Weer | | lars) 
From | To | | | | 
0!  4| 1,670 | 20,036 | 56,372 18, 332| 15,027 
4 10} 2,125 | 25,500 174,824! 27,142] 26,407 
10 20 695 8,356 | 118,432} 11, 140) 1 4, 070 
20; 500 417 5,008 | 295,484] 14,978 
500 |1,000 6 72 | 49,676] 1, 892! ’ 
1.000 2,000 5 56 | 73,104] 2,750) 3, 367 
2,000 | up 7 84 | 5 28,164] 19,592] 14,002 
Total 4,925 | 59,112 1,296,0! 56 95, om 98,115 
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It will be noted that the annual yield 
of the rates is somewhat in excess of the 
eosts of service and that the revenue 
from the individual brackets is in gen- 
eral conformance with these costs. In 
this case, the anticipated revenue from 
very large users has been made low for 
the reason that it is realized that some 
of these rates will require adjustment 
in accordance with the quantity and 
character of the sewage involved. 

The situation at Billings is men- 
tioned here simply for the reason that 
it represents the application of some 
of the accepted principles of rate mak- 
ing. The rate schedule is not presented 
as a model in any sense of the word, 
and its desirability in any city, other 
than Billings, Mont., would be entirely 
coincidental. 

There is an urgent need for definite 
methods of rate making in the field of 
sewage if rates in this field are to reach 
the standing of those in other utili- 
ties. 

It is the writer’s personal opinion 
that the Federation, through one or 
more of its technical committees, is in 
position to perform a valuable service 
by taking this matter in hand and 
pointing out the principles which 
underlie the selection of a rate base, 
the determination of the costs of serv- 
ice and the equable distribution of 
these costs. 








SCUM CONTROL IN DIGESTERS * 


By R. S. RankKIn 


Manager, Sanitary Engineering Division, the Dorr Company, New York, N. Y. 


Scum formation in sludge digesters 
is a serious problem in a certain per- 
centage of plants. In a larger percent- 
age this problem either is not present, 
or the operator has learned how to 
keep it under control. 

Scum may be considered a problem 
in a digester when it interferes with 
uniform gas production, when it plugs 
pipe outlets and stops the normal over- 
flow, when it interferes with the with- 
drawal of tank contents, or when its 
volume is so great as to reduce materi- 
ally the available digestion capacity. 

In some plants scum may attain a 
depth of several feet occupying as 
much as 30 per cent of available ca- 
pacity and resisting all reasonable ef- 
forts to dissipate it. Persistent accu- 
mulations, if allowed to remain in a 
digester, can occasionally do positive 
damage. For example, when the scum 
has sealed off or plugged the normal 
overflow lines, continued pumping of 
sludge may force dislodgement of the 
tank cover, as has actually occurred in 
a few installations. Also, when a seum- 
laden tank is emptied, the layer may 
have become so compact that, as it 
drops with the receding level, it pulls 
down with it the gas and even the hot 
water piping with all their supports. 

The question naturally arises as to 
why some plants are continually faced 
with this problem, and other plants 
seldom, if ever, experience it. The 
problem under discussion, incidentally, 
refers to persistent scum in the di- 
gester after routine operation has been 
established, and not to a temporary 
foaming condition sometimes occurring 
during early stages of operation. 


* Presented at Nineteenth Annual Meeting, 
Federation of Sewage Works Associations; 
Toronto, Ont., Can., October 7-9, 1946. 
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Causes of Scum Formation 
It is known that some types of sew- 
age carry more scum forming materials 
than others, and any concentration ef- 
fect of the clarifier sludge removal 
equipment probably accentuates the 
scum forming tendencies of the sludge 
itelf. Seum forming materials that 
cause trouble in a digester may be clas- 
sified approximately as follows: 
1. Grease and oil products such as: 
(a) Waste from meat packing houses, 
soap factories and kitchens, usually 
classed as digestible materials. 
(b) Wastes of petroleum origin from 
oil refineries, machine shops, ga- 
rages and fuel oil tanks, usually 
classed as indigestible. 


2. Mat-forming materials from in- 

dustrial plants such as: 

(a) Fibers from textile mills, hat fac- 
tories. 

(b) Animal hair 
slaughter houses. 

(ce) Paunch manure from meat pack- 
ing houses. 

(d) Rinds or skins from fruit packing 
houses. 


from tanneries, 


3. Miscellaneous indigestible mate- 
rials such as twigs, milk bottle caps, 
matches, rags, ete. 


4. Gas-buoyed sludge. 


Scum of Industrial Origin 

Where the scum is due to industrial 
wastes, the operator has two courses to 
follow in solving the problem. One is 
to fight it out at the plant with the 
hope of eventually overcoming the dif- 
fieulty. The other and more effective 
course is to remove the cause at its 
source. This might seem like a hopeless 
task to an operator, but it is surprising 
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to realize how many times it has been 
done with excellent results. 

The smaller the sewage plant, the 
more likely this method has of success, 
because in such places the scum pro- 
ducing material usually originates in 
a single offending industry. At Dan- 
bury, Conn., for example, the sewage 
treatment plant was in_ perpetual 
trouble several years ago with a heavy 
mat of scum in the digester caused by 
small particles of fur in wastes from 
local hat factories. The operator had 
to resort to removal of the manholes 
and forking this material out of the di- 
gester by hand at frequent intervals, 
and efficient operation was impossible 
to say the least. Installation of a fine 
screen by the city and disposal of the 
screenings elsewhere kept the bulk of 
this material out of the digester and 
greatly reduced the problem. 

At Sheboygan, Wis., another exam- 
ple may be cited where a local tannery 
contributed a waste containing a heavy 
load of hair mixed with lime. While 
the lime aided sedimentation in the 
primary treatment plant, by the time 
the mixture reached the digesters it 
formed a solid mat of scum and plas- 
ter-like sludge. After a few years of 
this the operator convinced the officials 
that the plant would not function 
properly and the result was the instal- 
lation of a fine screen at the tannery. 
It solved the scum problem at the sew- 
age plant and enough lime is still 
present in the sewage to aid sedimen- 
tation. 

There are many examples of pre- 
treatment of packinghouse wastes by 
fine screens, as at Cedar Rapids, Iowa, 
Sioux Falls and Huron, South Dakota, 
which have kept the major scum form- 
ing materials from reaching the city 
plant. Many canneries have also in- 
stalled equipment to remove scum 
forming materials before discharging 
their waste into the municipal system, 
and by so doing they have relieved 
the sewage plant operator of a major 
job. 
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These examples result from effective 
cooperation of industry and city offi- 
cials and are usually to be found in a 
smaller community where the industry 
is a dominant factor, but where it does 
not require a separate waste treatment 
plant of its own. Thus, it may be said 
that the best method of control of scum 
produced by industrial wastes is to 
keep the scum forming materials out of 
the sewage plant. 

In larger cities, however, scum pro- 
ducing materials usually find their way 
into the plant regardless of what the 
operator or city can do. Even the 
smaller plants without industrial 
wastes occasionally have scum produc- 
ine materials in the sludge, often 
caused by grease from kitchens. The 
operators at such plants have a prob- 
lem which probably cannot be solved 
by attempting to go to the source. The 
simplest solution for them is to attack 
the problem in the plant itself. 


Control Measures at the Digester 


Seum caused by accumulations of 
digestible grease and oils can often 
be eliminated entirely, or conditions 
greatly improved, by raising the tem- 
perature of the digester to 95° or even 
100° F. Occasionally, however, when 
this is attempted in a plain tank, the 
lower liquid zone heats up but the heat 
fails to penetrate the scum layer on 
top. Obviously, the layer must be 
broken up by some physical means. 

One usually effective remedy is to 
recirculate the digester contents from 
the bottom to the top, if possible locat- 
ing the discharge above the scum layer. 
Incidentally, this operation was cov- 
ered by process patents now expired. 

Where circulation is impossible and 
no other facilities are available, live 
steam or hot water injected into the 
top has been successful. Some opera- 
tors in despair have even had to resort 
to breaking up the scum layer with a 
fork or other tool, working through 
the digester manhole. 

Once the material has been broken 
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up and thoroughly heated, it is then a 
matter of keeping it from reforming. 
This is not too difficult because many 
operators have had no recurrence of 
troublesome scum formations, once 
they have learned how to cope with 
them. Operators at numerous plants 
report no scum problems because they 
do not allow it to form. They may 
keep it broken down by mechanical 
means or by circulating pumps of ade- 
quate capacity. 

Scum may also form from accumula- 
tions of miscellaneous materials such 
as twigs, bottle caps, rags, and other 
things which fail to digest, no matter 
how long they are held in the digester. 
They may form a dense layer and, 
unless removed with the sludge, even- 
tually they will occupy a major por- 
tion of the tank volume. This material 
is not always a real floating scum, as 
in some plants it appears to be sub- 
merged and buoyed by a denser sludge 
layer underneath. More than one op- 
erator has discovered this layer of 
material after several years of opera- 
tion, and the only successful way to 
remove it has been to empty the tank. 
This has proved a difficult task and one 
to be avoided by all possible means. 
To prevent this condition, the operator 
should sample his tanks at intervals, 
and determine whether this undigesti- 
ble material is present and whether it 
is increasing in volume. The desirable 
objective is to withdraw this material 
with the digested sludge, but this is 
not always possible because its loca- 
tion is not always known. 

Gas-buoyed sludge particles occa- 
sionally accumulate to form a dense 
black seum of considerable depth, even 
where other types of seum may be ab- 
sent. The best remedy for this situa- 
tion is agitation, sufficient to separate 
or scrub these particles, thereby releas- 
ing the entrained gas after which the 
sludge particle should sink. Digested 
sludge particles in a dry state have a 
theoretical specific gravity from 1.4 to 
1.6 times that of water, so the tendency 
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to settle is present, if the buoyant 
forces can be detached from the par- 
ticles, 


Digester Design for Scum Control 


So far, all suggestions at control of 
scum have been directed to the opera- 
tor, but the operator at best can deal 
only with the installation as it has been 
turned over to him. He can make 
minor changes, of course, but usually 
he must make the best of what he has 
and cannot count on making major 
changes until he has worn himself out 
trying to make the original layout do. 
Undoubtedly, he could offer some valu- 
able suggestions to the designing engi- 
neer, but this is too late so far as his 
plant is concerned, and anyway the 
the engineer usually has to guess at the 
type of sewage the plant will actually 
receive because the mixture of sewage 
reaching the new plant frequently does 
not even exist before its completion. 
From the writer’s observations, how- 
ever, possibly a few suggestions on de- 
sign will serve in bringing about im- 
provements in facilities provided to the 
operator for coping with this problem. 


Scum Removal Piping 


The construction of the digester ap- 
pears to have some bearing on the scum 
problem. Several years ago, in the con- 
struction of single stage fixed cover 
digesters, it was not uncommon for the 
engineer to design as a part of the gas 
take-off manhole near the center, a 
scum draw-off connection going di- 
rectly to the sludge bed. The operator 
had only to open a valve and any ac- 
cumulated scum was drained off. These 
digesters were usually equipped with 
slow moving scum arms which, with 
the slope of the roof, brought any float- 
ing scum to this manhole at the high 
point. 

Many of these plants operated for 
years with no scum problem which 
could not be easily handled. This 
solution seems so simple yet such a 
design is now practically extinct. 
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Scum Breakers 

Another design factor is the type of 
roof or cover used on the digester. Two 
major classes of roof design are com- 
monly used, one in which the cover is 
submerged, either fixed or floating, and 
the other in which the cover is not 
submerged, and this also may be fixed 
or floating. An example of the latter 
type is a gasholder, in which the in- 
tervening space is filled with gas under 
pressure. 

To cope with the more difficult prob- 
lems in the submerged type with fixed 
roof, the slow-moving type of scum 
breaking equipment, with alternate 
fixed and moving fingers passing 
through the scum zone, has proven very 
effective. These fingers sweep the en- 
tire submerged underside of the roof, 
thereby preventing formation of thick 
scum layers and assisting in the uni- 
form release of gas. Installations of 
this type have been in operation for 
15 years without the water level ever 
having been lowered. This type has 
also been successful in handling scum 
problems where garbage and sludge 
are digested together. 

Surface Agitation 

Where the cover is not submerged 
and the liquid surface is free, and 
where the scum forming materials can 
move laterally without restraint of the 
roof surface, some form of surface agi- 
tation can be effectively applied. Effec- 
tive surface agitation, however, cannot 
be secured without expenditure of 
power, whether it is done by properly 
designed mechanical mixing or by re- 
circulation pumps. Within limits, the 
greater the power applied the greater 
the effectiveness of agitation. It seems 
more efficient to apply this power to a 
mixer located in the scum zone of the 
digester than to a pump located out- 
side, with attendant losses in valves 
and piping. Also, a properly designed 
mixer can agitate the entire scum, 
which is difficult with any practical 
pumping arrangement. 
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This does not necessarily mean 
greater overall power consumption be- 
cause experience has shown that in- 
tense agitation for short periods is 
probably more effective than prolonged 
gentle agitation. For example, in Ger- 
many before the war, Priiss installed a 
40 h.p. mixer in a digester with an area 
equivalent to about a 40-ft. diameter 
tank. The mixer was operated about 
30 minutes a day and, according to re- 
ports by Dr. Fischer, was very success- 
ful in keeping down all traces of scum. 
This may be going to extremes, but it 
shows what is possible. 

Another illustration of the effect of 
agitation of a less violent type is at 
Winnipeg, Manitoba, as described in 
Water and Sewage, February, 1946, 
in an article by Supt. D. L. McLean. 
At this plant there are four digesters, 
of which two were originally equipped 
with stirring devices and two were not. 
It was found that, because of scum 
troubles, the two units without scum 
equipment handled only half the solids 
that the other two units with scum 
equipment did. After several years of 
operation, scum breaking equipment 
was installed in the plain units. As a 
result, the net increase in effective di- 
gestion capacity was equal to one com- 
plete digester. In this plant the covers 
are not submerged. 


Digester Capacity 

Another important engineering fac- 
tor in design which seems to have a 
bearing upon scum formation, and on 
operation as well, is the capacity pro- 
vided in the digesters. Careful study 
of a large number of plants leads to 
the conclusion that those plants with a 
limited digester capacity of less than 
25 to 30 days, based on the volume of 
the raw sludge feed, almost invariably 
have trouble with scum or supernatant 
or both. Those plants with digester 
capacities of 50 or 60 days or longer 
almost invariably have no serious scum 
or supernatant problems. In other 
words, providing a liberal sludge diges- 
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tion capacity seems to go a long way 
toward solving scum problems. 


Scum Resulting from Sludge 
Thickening 


There is one source of scum trouble 
in digesters which appears to be a com- 
bined design and operating problem. 
It may result from lack of capacity or 
from the zeal of the operator. This 
refers to the prevailing practice of try- 
ing to thicken sludge in the digesters. 
This is an understandable desire in 
many plants where digested sludge is 
to be filtered, or where sludge bed ea- 
pacity is limited. 

Any such thickening of the digested 
sludge, however, usually results in a 
deterioration of the quality of the 
supernatant, and when the supernatant 
is bad, seum troubles can be expected. 
As a rule, the shorter the digestion 
period, the greater the tendency to 
want to thicken, and the more the 
sludge is held back in the digester for 
thickening, the more the supernatant 
and scum are adversely affected. Part 
of the remedy for this condition is to 
provide greater capacity in the di- 
gester, and part of it is to thicken the 
sludge in the clarifier or thickener be- 
fore it is put into the digester. Then, 
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having done this, if the operator also 
makes certain that he removes, via the 
sludge outlet, the digested sludge at 
the rate at which it is accumulating, 
one major cause of scum formation, 
and supernatant troubles as well, will 
be eliminated. 


Summary 


Summarizing, scum control in di- 
gesters is a broader subject’ than it 
might appear to an individual operator 
faced with the problem in his own 
plant. Scum prevention by removal of 
scum forming materials from indus- 
trial wastes, perferably at the source, 
is very effective and lasting in benefits. 

The operator, depending upon the 
facilities available in his plant, can ob- 
tain relief by applying more heat, by 
recirculation, by mixing, and by using 
scum draw-off connections. The design- 
ing engineer can design greater diges- 
ter capacity into the plant and also 
provide a design which will allow scum 
formation once formed to be adequately 
dealt with. 

In any plant the final burden is 
upon the operator. If he makes certain 
that everything he puts into the diges- 
ter as raw sludge is ultimately removed 
as gas, supernatant or digested sludge, 
his problems are bound to be fewer. 


SCUM CONTROL IN DIGESTERS—A DISCUSSION 


By Harry E. SCHLENZ 


Vice-President and Sales Manager, Pacific Flush Tank Company, Chicago, Ill. 


The paper presented on the subject 
by Mr. Rankin gives a clear picture of 
the ‘‘secum problem’’ and includes a 
complete analysis of the types of scum 
which may be encountered in digesters. 

We are mainly interested in the 
grouping of scum forming matter into 
two general classifications, namely: 
(1) non-digestible accumulations, and 
(2) digestible accumulations. 

Non-digestible accumulations in di- 
gesters of a plant receiving a normal 


domestic sewage represent such a small 
amount of material that no particular 
problem is encountered with them. 
Mr. Rankin has covered quite com- 
pletely the question of scums from 
sewages containing a large percentage 
of non-digestible material due to in- 
dustrial wastes. 

The grouping of scums under ‘‘di- 
gestible accumulations’’ represents 
the major bulk of floating material 
encountered in the normal digestion 
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installation, and is the type with which 
plant operators are mainly concerned 
in connection with ‘‘control meas- 
ures.’’ Such scum accumulations may 
be generalized into the following char- 


acteristics : 


(a) High volatile content, ranging 
from 70 per cent to 90 per cent volatile 
solids. 

(b) Contain a large percentage of 
fats and soaps. 

(c) May become quite compact and 
stiff, with as high as 25 per cent solids, 
if not controlled. 


Until recent years, it has been the 
practice of many plant operators to 
avoid adding scum or greases, removed 
from sewage by clarifiers or grease 
separation tanks, to the digestion sys- 
tem, to attempt to avoid scum accumu- 
lations in digesters. Many digesters 
are equipped with scum draw-off 
pipes, which are used to remove and 
dispose of scum accumulations outside 
of the digestion system. 

Actually the digester is the ideal 
place to dispose of greases and scum, 
and the emphasis should not be placed 
on the difficulties encountered with 
scum accumulations, but rather on the 
benefits that may be derived from this 
material as far as gas production and 
the composition of such resulting gas 
are concerned. 

In any digester where raw solids are 
added, scum will tend to separate and 
form at the top of the tank. As long 
as the scum thus formed does not ex- 
ceed a foot or two in depth, and is of 
a soft consistency, there is good indi- 
cation that it is not accumulating and 
is undergoing normal digestion. In 
digestion systems receiving an abnor- 
mally high loading of raw solids, or 
where the grease content of the sewage 
is high, scum may build up quite 
rapidly, with such scum accumulations 
seriously affecting the digestion of the 
solids in the balance of the tank, by 
reducing the volume available for ac- 
tive digestion. 
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Control Procedures 


Although as recently as ten years 
ago the literature gave evidence of the 
doubt of investigators that greases 
could be digested within any reasonable 
length of time; it is now definitely indi- 
cated that greases are readily digest- 
ible, with resultant higher percentage 
reduction of the volatile content of the 
greases than of the balance of the vola- 
tile solids in the digestion system. It 
is therefore evident that if the proper 
conditions are provided in the seum 
mass, it is possible to promote the 
rapid destruction of the fats and soaps 
present. In the destruction of these 
materials by digestion, lower fatty 
acids are first formed, which digest 
further to produce methane and carbon 
dioxide. 

The extent to which control meas- 
ures must be employed to promote the 
destruction of scum accumulations is 
dependent upon the amount and char- 
acter of the scum forming matter in 
the sludge added to the digestion sys- 
tem, and may involve one or more of 
following procedures. 


Liquid Saturation 


Seum accumulations should be kept 
in intimate contact with the liquid con- 
tents of the digester, which contain 
active organisms to promote the de- 
sired rapid digestion. This may be 
accomplished by: 


(a) Positive submergence, by an 
impervious structure of the materials 
which tend to float, thus preventing 
the scum from rising into the gas zone 
where it may become permeated with 
this end product of digestion and tend 
to become dry to some extent. Such 
submergence, which will suffice in pre- 
venting the building up of scum ac- 
cumulations in the majority of digester 
installations, does not require the ex- 
penditure of power, and even where 
additional control measures are re- 
quired, the advantages gained through 
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submergence would indicate the feasi- 
bility of its use. 

(b) Recirculation of digester liquor 
from portions of the tank contents 
where solids are undergoing the most 
active digestion, with the discharge of 
the recirculated material into the scum 
zone, as shown in Figure 1. 

In practicing such liquor recircula- 
tion, even when confronted with very 
troublesome scum conditions, it has 
been demonstrated that it is not neces- 
sary nor desirable to discharge the re- 
circulated liquor into the scum with 
any appreciable force. The rate of 
discharge should be such as to cause 
the recirculation of the volume of the 
upper two-thirds of the digester in 
from 24 to 48 hours, either by continu- 
ous or intermittent operation of a non- 
clog pump requiring a low power in- 
put. The most completely digested 
sludge in the lower one-third of the 
tank should not be disturbed, so as to 
be available for transfer to a secondary 
digester or removal to a point of final 
disposal. 

While the writer was engaged in the 
operation of the sewage testing station 
at the University of Illinois in 1929, a 
digester of pilot plant size, when oper- 
ated at a comparatively high loading 
of raw solids, persisted in the forma- 
tion of large quantities of scum. Ef- 
forts to control such seum accumula- 
tions by slow moving paddles. or 
rapidly moving mixers did not meet 
with any great amount of success. It 
was found, however, that the stiff 
seum could be dispersed by a small 
stream of recirculated liquor with an 
expenditure of power of but a fraction 
of that used in the mixing procedures. 
It was further found to be more effec- 
tive to discharge the recirculated 
liquor at the center of the gas take-off 
dome at the top of the scum layer, 
rather than at a number of points in 
the scum zone. 

During the war period many di- 
gester installations at camps were con- 
fronted with scum problems in concen- 
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trated form due to the high grease 
content of the sewages encountered. 

Observations made over an extended 
period of time in connection with 
seum control in the digesters at one of 
the two plants of the Great Lakes 
Naval Training Center were reported 
in an article on ‘‘Controlled Diges- 
tion’’ which appeared in the May, 
1944, issue of THis JourRNAL. Due to 
improper starting of digestion and be- 
fore scum control measures’ were 
started, each of the two 65-ft. diam- 
eter digesters contained about 9 ft. of 
yellow sickly-looking scum which had 
become so concentrated that it was im- 
possible to penetrate the mass with a 
two-by-four. Digester liquor cireu- 
lated at a rate of 300 2.p.m. caused 
the following action to take place: 
The area of the seum immedi- 
ately adjacent to the relatively gentle 
recirculated liquor 
first soft and mushy; then 
large masses of seum resembling a 
firm fresh cheese gradually moved 
from the underside of the floating 
cover towards the gas dome and broke 
off in large chunks as they became 
softened. This action continued and 
after a few days it was evident that 
the entire seum soft 
mushy consistency, completely perme- 
ated with the digester liquor. 

In a recent article appearing in the 
September, 1946, issue of Water and 
Sewage Works, page 369, R. W. Simp- 
son, formerly Sanitary Engineer at 
Keesler Field, Miss., reports that di- 
evester recirculation was effective in 
dispersing scum accumulations which 
were an ever present problem, even 


mass 


discharge of the 
became 


mass was of a 


though the primary digester was 
equipped with mechanical mixing 
equipment. He states, ‘‘As long as 


the scum was kept soft, digestion and 
settling took place. It was necessary 
to use this (recirculation) method sev- 
eral times, but in each instance the 
scum thinned out and completely dis- 
appeared shortly thereafter.’’ 
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Control of Temperature of Scum Zone 


The writer agrees with the state- 
ment that temperatures of 95° F. or 
more are effective in softening the 
ereases in scum accumulations. How- 
ever, it is important that this tempera- 
ture be maintained in the scum form- 
ing zone, as well as in the other 
portions of the tank. <A study of the 
‘‘inventory’’ records of digesters char- 
acterized by excessive scum accumula- 
tions reveals that the temperatures in 
the seum zone may be 10° to 15° lower 
than the temperatures which are main- 
tained in the balance of the digesting 
mass. 

Liquor recirculation as previously 
described, in addition to bringing seed- 
ing or actively digested solids into the 
scum accumulations, also tends to pro- 
vide the desirable optimum tempera- 
tures for digestion in the scum zone. 

It is possible by the provision of ex- 
ternal heating means to raise the tem- 
perature of the recirculated digester 
contents, and thus greatly increase the 
rate of digestion of the scum by the 
discharge of the higher temperature 
liquor at the surface of the scum layer 
in a manner as shown in Figure 1. 
With a heating system of this nature 
provided with sensitive thermostatic 
controls it is possible to maintain auto- 
matically the temperature of the entire 
digester contents, including the scum 
zone, Within + 0.5° F., and thus pro- 
vide optimum conditions favoring the 
erowth of desirable methane producing 
organisms. 

Furthermore, it is desirable to 
lessen or eliminate entirely the tend- 
ency of seum-forminge materials to 
separate from the raw solids as they 
are added to the digestion system. 
This may be accomplished by adding 
the raw solids to the recirculated di- 
vester contents, and then heating the 
mixture so that on entering the di- 
vester initially, the sludge is properly 
seeded and heated to the optimum 
temperature for digestion and com- 
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pletely dispersed, thereby accelerating 
the rate of digestion. 


Ammonia Nitrogen Control 


In a number of digester installations 
where especially heavy scum aceumu- 
lations have been encountered, the ad- 
dition of relatively small amounts of 
an ammonia nitrogen compound to the 
liquor recirculated to the scum zone 
has been effective in causing the scum 
to digest quite rapidly and to disap- 
pear. 

Ammonium sulfate has been used as 
one source of ammonia nitrogen, the 
commercial product yielding about 
25.6 per cent of ammonia nitrogen. 
This ammonia salt is readily soluble in 
an equal weight of water and is easily 
obtained at low cost. 

It is added in relatively small doses 
of 50 to 100 lb. with continuous liquor 
recirculation between doses. Addi- 
tions are made until about 30 p.p.m. 
of equivalent ammonia nitrogen has 
been added to the volume of the tank 
being recirculated, normally assumed 
to represent one-half of the tank con- 
tents. 

It has been found that if the am- 
monium sulfate is added at too rapid 
a rate there is a tendency for the ac- 
tivity in the scum zone to reach such 
proportions as to resemble a ‘‘foam- 
ing’’ condition. The continued addi- 
tion of the ammonia salt to an exces- 
sive concentration of ammonia nitrogen 
in the digester may also be detrimental 
to the digestion of the scum solids. 

At the large naval installation previ- 
ously referred to, the raw sewage con- 
tained abnormally large quantities of 
erease, which, when added to the di- 
eester, resulted in such a large bulk of 
scum that digester recirculation alone 
was not sufficient to keep it dispersed 
at all times. In the last two periods 
of operation in the tabulated data as 
reported in the article on ‘‘ Controlled 
Digestion’’ previously referred to, it 
was indicated that 10 days of continu- 
ous recirculation of liquor into the 
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scum zone slowed down the rate at 
which scum tended to accumulate, but 
within 6 days after the addition of 
only one 100-lb. dose of ammonium 
sulfate, representing 7 p.p.m. of am- 
monia nitrogen added to the tank con- 
tents, the scum accumulation was 
completely dispersed. During the 
past two years the plant superintend- 
ent at that installation has confirmed 
these observations many times, and 
reports that he feels that he has a posi- 
tive method of controlling scum which 
previously had presented an operat- 
ing problem of great magnitude. His 
procedure is to practice more or less 
continuous liquor recirculation, which 
keeps scum accumulations at a mini- 
mum and the digestion activity at an 
optimum point as measured by rate of 
gas production. Whenever the scum 
accumulations become excessive in his 
judgment, he adds 100 lb. of ammonia 
sulfate to the recirculated liquor and 
the scum is completely dispersed in a 
matter of a few days. He has found 
that on the average it is only necessary 
to resort to the use of this small dose 
about once each three months, repre- 
senting a cost of less than $2.00 per 
dose for the chemical. 

The writer will agree that it is diffi- 
eult to understand why the addition 
of such a small amount of ammonia 
nitrogen to a digesting sludge mixture 
that is normally high in ammonia ni- 
trogen content will show such definite 
beneficial results, as measured by 
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scum dispersal and increased gas pro- 
duction. 

It is possible that the scum zone may 
be deficient in ammonia nitrogen and 
under some conditions the liquor re- 
circulated from other portions of the 
tank will correct this deficiency and 
cause the scum to digest. In eases 
where liquor recirculation alone does 
not result in sufficient increased activ- 
ity in the seum zone to destroy the 
scum accumulation, the addition of 
the small quantities of ammonia sul- 
fate to the recirculated liquor probably 
provides ammonia nitrogen in a read- 
ily usable form for the organisms, re- 
sulting in the increased digestion rate 
in the scum zone. 


Patent Considerations 


Some of the procedures suggested 
in this discussion, such as digester 
liquor recirculation and ammonia ni- 
trogen control, are covered by patents 
already issued, while certain phases of 
external heating of circulated digester 
liquor and raw solids are covered by 
pending patent applications. It is 
therefore patent 
standpoint for an operator wishing to 
use such procedures to obtain rights 
to do so. In addition, ammonia nitro- 
gen control should be used only under 
the guidance of engineers of the Pa- 
cific Flush Tank Company to avoid 
difficulties which may result from im- 
proper use of the procedure. 


necessary from a 








PHOSPHATES IN SEWAGE AND SLUDGE TREAT- 


MENT. 


III—EFFECTS ON SLUDGE DIGESTION * 


By Wiuitem Rupours anp G. W. StTanu 


Chief and Graduate Student, Respectively, Department of Sanitation, Rutgers University, 
New Brunswick, N. J. 


Phosphorus plays an essential part 
in the metabolism of all living cells. 
It is present in sewage and sewage 
sludge in varying quantities. It is 
conceivable that the amounts present 
may affect the groups of bacteria re- 
sponsible for liquefaction and gasifica- 
tion of digesting sludge. It is also 
conceivable that the type of phos- 
phorus compound present may play a 
role in the degree and rate of anaerobic 
decomposition. 

It is well known that rapidly grow- 
ing tissues (both plant and animal) 
frequently exhibit the phenomena of 
high uptake of phosphorus. This 
high uptake may be related to the high 
rate of metabolism of such tissues. 
Cells that are multiplying at a rapid 
rate show great avidity for phosphorus, 
but it appears that the phosphorus 
must be in a form in which it can be 
absorbed more or less readily. It may 
be possible that certain types of phos- 
phorus compounds would stimulate, 
others retard by temporary overstim- 
ulation followed by impairment of the 
activity of the eell, and still others 
would exert no measurable effect. The 
quantities of phosphorus compounds 
present may also play a role. 

This attempt to study the effects of 
phosphorus compounds has been lim- 
ited to those compounds normally 
found in sewage sludge and _ those 
which may be introduced more fre- 
quently by industrial waste discharges. 

Settled sewage solids may contain 
from 0.75 to 3.0 per cent phosphorus 
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as P.O, on a dry solids basis, whereas 
digested primary sludge may contain 
from 1.0 to 4.0 per cent. The average 
results obtained on a number of 
sludges from different plants were 
found to be: for primary sludges, 1.61 
per cent expressed as P,O,;, and for 
settled and digested sludges, 1.73 per 
cent (1). A series of 24 samples of 
fresh and digested sludges obtained 
from the same plant showed in all 
cases higher percentages of P.O, in 
the digested sludges. Sludges_ ob- 
tained from chemically treated sewage 
contain considerably more (2). 

The increase of P.O, in sludge from 
chemically treated sewage is caused 
by the precipitation of phosphorus 
compounds by the chemicals added, 
whereas the apparent increase in phos- 
phorus in the sludge after digestion 
is undoubtedly due to the destruction 
of organic matter by biological activi- 
ties. Sinee living things require 
phosphorus and the organic matter 
undergoes profound changes during 
digestion, it is probable that during 
these changes the organic phosphorus 
compounds pass- through _ several 
stages before they are ‘‘mineralized’’ 
and left in the residue. In the course 
of these changes, it is conceivable that 
a portion of the phosphorus is pro- 
duced in gaseous form, evolving from 
the sludge and mixed with the other 
gases formed. Careful laboratory ex- 
perimentation and tests of the evolved 
gases, however, did not give quantita- 
tive indications of phosphine (3). If 
any gaseous phosphorus is formed dur- 
ing digestion, the quantities normally 
would be so small that they would not 
materially affect the percentages of 
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phosphorus present in digested sludge, 
so that a reduction in total organic 
matter caused by decomposition would 
show an apparent increase of phos- 
phorus in the sludge. 

Small quantities of phosphorus 
present in sludge are water soluble, a 
part of the phosphorus is present as 
extremely finely divided particles, and 
another part is present in the form of 
salts which may be relatively inert. 
The phosphorus compounds present 
may be divided, in general, into or- 
ganic and inorganic compounds. To 
determine the effect which phosphorus 
compounds may have on digestion, 
representatives of both groups were 
selected. 


Methods and Materials 


Settled fresh solids and ripe sludge 
were mixed in proportion of about 
1: 1.2 and also 1:4 on a volatile mat- 
ter basis. The total solids of the ripe 
sludge and fresh solids were varied in 
different series in an effort to deter- 
mine the possible effect of solids con- 
centration within certain limits, while 
the volatile matter ratio between ripe 
sludge and fresh solids was widened 
in an effort to increase as well as de- 
erease the effect of phosphorus com- 
pounds. The sources of phosphorus 
additions included calcium monophos- 
phate Ca(H,PO,),-H,O, ammonium 
phosphate NH,H.PO,, sodium meta- 
phosphate NaPO,, trisodium phosphate 
Na,PO,:12H.O, sodium hypophosphate 
NaH,PO,-H,0O, casein, egg albumen, 
and calves’ brains. The phosphorus 
compounds were dissolved in small 
quantities of water before addition 
to the mixtures or were well sus- 
pended directly into the mixtures by 
thorough shaking. The calves’ brains 
were ground with sewage and added to 
the mixtures. Analyses were made at 
the beginning and during the course 
of digestion and included solids, ash, 
and pH, while measurements were 
made of the gas volumes produced. 
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The gases were analyzed for various 
constituents. 


Results 


The effect of several phosphorus 
compounds on volatile matter reduc- 
tion is indicated in Table 1. The quan- 


TABLE 1.—Effect of Added Phosphorus Com- 
pounds on Volatile Matter Reduction 
(Sludge Ratio 1 : 1.2) 








| 
| : sata Vol. 
ni- - |Solids} Mat- 
. Ini- 
tial we Re- | ter 
Chemical Added phorus Total tial duc- | Re- 
| Added jg lid Ash : 
| (p.p.m.) |Selids} (a) tion | duc- 
| (%) { (%) | tion 
| (%) 


Phos- 


| 
| 


Ca(H2PO,)2-H,O} 700 | 4.84) 38.4] 29.4] 39.6 
NH,H2PO,.....| 1,390 | 4.86] 30.4] 30.0) 49.9 
NaPO;......... | 1,520 | 4.88] 40.8) 28.6] 41.8 








NaH;PO;-H:0..| 1,500 | 4.80] 37.9] 17.7] 30.6 
NasPO,........| 1,050 | 4.67] 36.0] 30.8) 49.2 
Casein......... | 43 | 4.65] 30.9] 30.3) 42.9 
Albumen.......| — | 4.89} 30.3) 33.9] 50.0 
None......... | 0 | 4.38) 33.8) 33.1| 48.0 











tity of compound added was in all 
cases the same, but the phosphorus 
present in the compounds varied. The 
actual phosphorus content in the salts 
added varied from 700 to 1,520 mg. 
per liter of sludge mixture or from 
about 0.14 to 0.30 per cent on a dry 
solids basis. The quantities of phos- 
phorus added.in the form of salts, ex- 
pressed as P,O,, were therefore 
roughly from 20 to 40 per cent of the 
phosphorus present in the mixtures. 
The amount of phosphorus added in 
the form of organic compounds was 
much less. The sludges employed for 
this particular experiment contained: 


Total Solids Ash 


% (%) 
Ripe sludge......... 5.46 2.29 
Fresh solids......... Sol 0.67 


with a volatile matter ratio of about 
12:1 in the ripe sludge and fresh 
solids, respectively. 

The effect of casein was somewhat 
depressing, but there was little or no 
effect from the addition of about 1 per 
cent albumen. The addition of calves’ 
brains resulted in violent foaming, in- 
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tensive odors, and generally unsatis- 
factory digestion. For these reasons 
the results obtained have not been in- 
eluded in the tables. 

The effect of the various salts was 
not uniform. Sodium hypophosphate, 
calcium monophosphate and sodium 
metaphosphate showed pronounced re- 
tardation in volatile matter reduction, 
whereas ammonium phosphate and tri- 
sodium phosphate showed no effect. As 
was to be expected, none of these com- 
pounds exerted a material effect on the 
pH values during digestion. The per- 
centage of volatile matter reduction in 
the mixture without phosphorus addi- 
tion indicates that digestion was virtu- 
ally completed. A decrease in the per- 
centage of volatile matter reduction 
would indicate that liquefaction was 
retarded or partly inhibited. 

Sinee the effect of the various phos- 
phorus compounds is not constant, it 
appears that the type of phosphorus 
compound may affect liquefaction. It 
is also .possible that the quantity of 
phosphorus compound may be a factor. 
In no ease was stimulation of liquefac- 
tion evident in this series of experi- 
ments. It is conceivable, however, that 
increasing quantities of phosphorus 
compound may cause greater retarda- 
tion or entirely inhibit activities, or 
that decreased amounts of the same 
phosphorus compound may actually 
stimulate the biological activities. 

The fact that phosphorus is neces- 
sary to maintain biological activities at 
a high rate would tend to indicate that 
certain phosphorus -ompounds may 
stimulate liquefaction if insufficient 
phosphorus is present for maximum 
activities. An example of the mildly 
stimulating effect is afforded by the re- 
sults obtained when increasing quanti- 
ties of ammonium phosphate were 
added to fresh solids-ripe sludge mix- 
tures (Table 2). With larger additions 
of ammonium phosphate, the percent- 
age volatile matter reduction increased. 
The fact that a small amount of phos- 
phate did not stimulate liquefaction, 


417 


TABLE 2.—Effect of Phosphorus 
(NH,H,PO,) Concentration 











Phospk Initial sys Vol. 7. 
sphorus Total Initial Matter Matter 
Addition Solids Ash De- Reduc- 

(p.p.m.) (% (%) stroyed tion 

eg (gr. /1.) (%) 

2,780 5.35 26.0 21.0 52.8 

1,390 4.86 30.4 16.8 49.9 

695 4.63 32.0 13.8 43.8 

0 4.38 33.8 13.9 43.0 

















but that doubling the quantity had 
some effect, whereas trebling the dose 
did not further stimulate liquefaction, 
would seem to indicate that an opti- 
mum quantity of phosphorus is re- 
quired to exert an effect. 

The quantities of organic phosphorus 
added to the mixtures were relatively 
small and seemed to have little effect. 
Any effect noticed was probably due to 
the organic matter added rather than 
to the phosphorus. 

Ripe sludge contains a materially 
higher P,O, content than fresh solids. 
If any stimulating or retarding effect 
is caused solely by the quantity of 
phosphorus present, and is not related 
to the type of phosphorus compound, it 
would be expected that increasing the 
amount of ripe sludge in relation to 
fresh solids (i.e. increasing the total 
phosphorus present) should have prac- 
tically no effect on the rate of diges- 
tion. It is well known, however, that 
increasing the quantities of ripe sludge 
in the mixtures leads to more rapid 
and more complete digestion of the 
volatile matter in the fresh solids 
added. Moreover, the addition of larger 
amounts of seed material reduces the 
possibility of experimental errors. Ac- 
cordingly, a series of mixtures were 
prepared, producing volatile matter 
ratios of 1:4 on a dry fresh solids-ripe 
sludge basis. 

On the assumption that only the 
volatile matter in the fresh solids was 
decomposed, the percentages of reduc- 
tion were calculated on this basis. This 
assumption is obviously not entirely 
correct, but allows a better comparison 
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TABLE 3.—Effect of Phosphorus on Volatile not decrease the beneficial effects of in- 
Matter Reductions in Mixtures with Wider — creasing quantities of ammonium phos- 
Fresh <a. phate. There is, however, a question 

: whether the stimulating effect of this 

compound was due to the phosphorus 








| | | Vol. 




















ew pire) Enitiall Ini | — or was the result of increasing amounts 
Chemical Added Added | sotids | Ash | tion in of ammonia. 

1. mxt.)|1. mxt.)| 7) ie Solids Results of another series with a 

| _—}— ff — higher solids concentration and a some- 
Neo | 48 | 2.780 | S99 |421| 1012 what wider volatile matter ratio of 1 
NEO. "| os | eee | veo la58| 758 part fresh solids to 4.5 parts ripe 
SSL ” | 3.040 | oe Eni 4 sludge on a dry basis again showed 
NaPOv12H:0.| 5 | ee | te kee 812 marked retardation of volatile matter 
Casein.........] 5 43 | 7-84 |44.6/ 75.6 reduction by the addition of calcium 
: | | monophosphate, trisodium phosphate, 





and sodium hypophosphite (Table 4). 
of the effect of the various phosphorus Increasing the quantities of calcium 
compounds. monophosphate or trisodium phosphate 
The condensed results (Table 3) did not materially decrease the per- 
show that relatively small quantities centage volatile matter reduction as 
of phosphorus in the form of casein, compared with the smaller quantities 
trisodium phosphate, and ammonium added. 
phosphate exerted little or no effect on The effect of several of the phos- 
liquefaction. The percentage volatile phate compounds on total gas produc- 
tion and the amounts of combustible 
gas produced per gram volatile matter 
destroyed are given in the same table. 


matter reduction was materially de- 
pressed by sodium hypophosphite, tri- 
sodium phosphate, and calcium mono- 
phosphate. The retarding effects were In all cases where phosphate com- 
particularly noticeable during the early pounds were added, the quantity of 
stages of digestion. It appears, there- total gas produced per gram volatile 
fore, that the type of phosphorus com- matter in the fresh solids added was 
pound is of importance. less than that produced in the contro! 

Increasing the quantities of ripe mixture. In spite of the fact that am- 
sludge, and thereby supplying larger monium phosphate may aid in liquefac- 
amounts of phosphorus, apparently did __ tion, the total amount of gas produced 


TABLE 4.—Effect of Phosphorus Compounds on Volatile Matter Reduction and 
Gas Production (Sludge Ratio 1 : 4.5) 


| 





Gas per 














| Phos- | | Vol. Matte Gram Ic ymbustible 
Chemical | nea | Initial | Initial | Gaiection Volatile | ‘aon 
Chemical | Added | Added to | Solids | Ash | in Fresh Matter | Gram Vol. 
| (gm./l. mxt.)} Mixtures (%) | (%) | Solids in Fresh | Mat. Red. 
| (p.p.m.) | (%) Solids | (ml.) 
| | | (ml) | 
Ca(H2PO,)2-H:O | 10 1400 | 9.95 | 506 | 40.0 360 900 
Ca(H:PO,)2-H:O.| 5 700 9.51 | 50.9 | 40.7 372 860 
Ca(H2PO,)2-H,0 . | 2.5 350 | 9.30 | 50.0 | 41.4 391 | 830 
NH,H2PO,.......| 5 | 1,890 | 9.54 | 45.4 | 63.8 357 600 
NH.H2PQ,....... 2.5 | 695 9.30 | 47.8 | 56.9 384 | 560 
(0 OS eae ee 10 3,040 | 10.10 | 53.0 | 45.4 390 710 
a | 5 1,520 | 9.61 | 514 | 526 498 670 
Na;PO,-12H.0... | 5 1,050 | 9.53 | 651.2 | 40.5 312 690 
Na3PO,-12H;0.. .| 2.5 | 525 | 9.30 50.2 41.4 328 860 
BI es ose is 5 sts | 0 | 0 | 9.05 48.7 | 59.6 500 640 
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was from 25 to 30 per cent less than 
the gas obtained from the control. The 
amount of combustible gas produced 
was, however, only slightly less than 
that of the control. This indicates 
that the composition of the gas as well, 
as the quantity, may be affected by the 
phosphate compounds. Of interest in 
this respect is that the amounts of com- 
bustible gas produced from a unit 
quantity of volatile matter destroyed 
in the fresh solids in all cases (except 
ammonium phosphate) were higher 
than in the control. 

Total gas production was rather uni- 
formly retarded by the addition of 
phosphorus compounds. This is shown 
by the curves in Figure 1, where the 
amounts of combustible gases produced 
from the various mixtures are com- 
pared. The picture is somewhat dif- 


ferent when the gas production per 
unit volatile matter destroyed is plotted 
(Figure 2). Calcium monophosphate 
and sodium metaphosphate appeared 
to produce more combustible gas per 
unit of volatile matter destroyed, al- 
though the total quantity of volatile 
matter reduced was materially less 
than that of the controls. Trisodium 
phosphate caused retardation in com- 
bustible gas production per unit of 
volatile matter destroyed, but eventu- 
ally the retardation seemed to be over- 
come. 

In general, all phosphorus com- 
pounds added retarded the rate of gas 
formation, increased the time for diges- 
tion as compared with mixtures receiv- 
ing no phosphates, and produced less 
combustible gas from equal amounts of 
volatile matter in the fresh solids. 
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FIGURE 1.—Effect of various types of phosphorus compounds on the rate of 
gas production. 
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FIGURE 2.—Effect of various phosphorus compounds on the gas production per unit of 
volatile matter destroyed during digestion. 


Discussion 


In an effort to determine the effect 
of phosphorus compounds on liquefac- 
tion and gasification of digesting 
sludge mixtures, no direct correlations 
were found between the quantity of 
phosphorus present and the rate of de- 


composition. Although all phosphorus 
compounds tried retarded the rate of 
gasification, the depressing effect does 
not seem to be the result of the phos- 
phorus as such, but rather to be caused 
by the particular compound under con- 
sideration. 
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A correlation between the amount of 
phosphorus and the retarding or stimu- 
lating effects would be comparatively 
simple if the toxic or stimulating na- 
ture of the materials affected the lique- 
fying flora in the same way as the 
organisms responsible for gasification. 
It appears, however, that certain types 
of phosphorus compounds added in 
relatively high concentrations may sti- 
mulate volatile matter reduction, with 
smaller quantities having no appre- 
ciable effect, whereas other types of 
phosphorus compounds may have a 
marked depressing effect on liquefac- 
tion. 

Although in all cases the phosphorus 
compounds appeared to have a retard- 
ing effect on the rate and total quanti- 
ties of combustible gas production, the 
amounts of combustible gases produced 
per unit of volatile matter destroyed 
varied and were usually higher than 
the amounts of combustible gases pro- 
duced from volatile matter to which 
no phosphorus compounds had been 
added. This may indicate that the de- 
composition of specific substances pres- 
ent in the fresh solids was affected by 
the phosphorus compounds. Since a 
considerable portion of the combustible 
gases originates from fats and greases 
from which the gas producing organ- 
isms could not obtain the necessary 
phosphorus for their metabolic pro- 
cesses, it is conceivable that grease 
destruction was relatively higher in the 
mixtures to which phosphorus com- 
pounds were added than in the mix- 
tures not receiving phosphorus. As no 
grease determinations were made at 
the time, however, this question re- 
mains to be investigated. 

The retardation of total gas produc- 
tion by the addition of phosphorus 
compounds is similar to results ob- 
tained in previous work (4) when vari- 
ous types of sulfates were used. In 
the previous studies, it was found that 
the retarding effect increased with a 
decrease in the alkaline character of 
the salt added, but this cannot be ap- 


plied to the addition of phosphorus 
compounds. 

While calcium monophosphate ex- 
hibited a greater retarding action on 
volatile matter reduction, and about an 
equal effect on gas production than 
ammonium phosphate, trisodium phos- 
phate also exhibited a pronounced re- 
tarding effect on volatile matter reduc- 
tion and an even greater retarding 
effect on gas production, despite its 
alkaline nature. While sodium meta- 
phosphate did not markedly alter the 
pH value of the digesting mixture, its 
addition resulted, nevertheless, in a de- 
creased volatile matter reduction and a 
slowing up of the rate of combustible 
gas production. 

A comparison of the results obtained 
from the lower solids concentration 
with those from the higher solids con- 
centration to which the same amount 
of phosphorus compounds were added 
to equal volumes of sludge, but which 
in effect received nearly double the 
phosphorus compounds per given unit 
of volatile matter in the fresh solids, 
indicates that the amount of phos- 
phorus compounds added exerts an in- 
fluence only up to a certain concentra- 
tion. The same effect is noted when 
increasing qantities of the same phos- 
phorus compounds are added to about 
equal solids concentrations. This again 
may possibly indicate that the decom- 
position and gasification of specific 
compounds present in a limited amount 
in the sludge mixture may be affected. 
Whether this effect is the result of 
phosphate precipitation and locking up 
of volatile substances, or retardation 
of biological activities through toxicity 
of the compounds, is a question which 
cannot be answered definitely with the 
information available. 


Summary 


For the purpose of determining the 
effect of phosphorus on the liquefaction 
and gasification of digesting sludges 
under mesophillic conditions, different 
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phosphorus compounds were added in 
various concentrations to mixtures of 
fresh solids and ripe sludge. In dif- 
ferent series the solids concentrations 
in the mixtures were varied from 4.5 
to 9.0 per cent, whereas the dry volatile 
matter ratios of the fresh solids and 
ripe sludges were varied from 1:12 
to 1:4.5. 

Volatile matter reduction was gen- 
erally decreased by additions of phos- 
phorus compounds, with the exception 
of some phosphate concentrations, indi- 
eating that the liquefying organisms 
were not in need of additional phos- 
phorus for their metabolic processes. 

Total combustible gas production 
per unit of volatile matter was de- 
creased in all cases, and the rate of gas 
production was retarded. However, the 
amounts of combustible gas produced 
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per unit of volatile matter destroyed 
were increased by the addition of phos- 


phorus compounds, possibly indicating 


that the destruction of certain sub- 
stances in the sludge was enhanced. 
The fact that the amount of combus- 
tible gas produced per unit of volatile 
matter destroyed was greater with the 
addition of phosphorus compounds 
would also lead to the assumption that 
the decomposition and gasification of 
specific substances in the sludge was 
retarded or inhibited. 

If phosphorus compounds present in 
certain industrial wastes amount to 25 
per cent or more of the phosphorus 
naturally present in domestic sewage 
sludge, some retardation in activities 
may be expected, resulting in more 
time required for digestion or in in- 
creased digestion capacities. 
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STUDIES OF SEWAGE PURIFICATION. XVII.—THE 
UTILIZATION OF ORGANIC SUBSTRATES BY 
ACTIVATED SLUDGE * 


By O. R. Puacak anp C. C. RucHHOFT 


Division of Sanitary Engineering, Water and Sewage Investigations, USPHS, 
Cincinnati, Ohio 


These studies on sewage purification 
were started over ten years ago with a 
paper on the development of an appa- 
ratus for determining dissolved oxygen 
in activated sludge. Sixteen papers in 
the series had been completed to the 
beginning of world hostilities in De- 
cember, 1941. From the titles of these 
papers, as given below, it will be noted 
that the studies have been directed 
largely toward increasing our knowl- 
edge and understanding of the funda- 
mental physical, chemical, and biolog- 
ical mechanisms of the secondary pro- 
cesses of sewage purification with the 
object of the application of the knowl- 
edge to the practical problems of plant 
design and operation. 

Preceding papers in the series are: 

Theriault, E. J. and McNamee, P. D., 
‘*Studies on Sewage Purification. I.—Appa- 
ratus for the Determination of Dissolved 
Oxygen in Sludge-sewage Mixtures.’’? Pub. 
Health Rep., 50, 480 (1935). Reprint 1680. 

Butterfield, C. T., ‘‘Studies of Sewage 
Purification. II—A Zooglea-forming Bae- 
terium Isolated from Activated Sludge.’’ 
Pub. Health Rep., 50, 671 (1935). Reprint 
1686, 

Theriault, E. J., ‘‘Studies of Sewage Puri- 
fication. III.—The Clarification of Sewage. 
A Review.’’? THIS JOURNAL, 7, 377 (1935). 
Pub. Health Rep., 50, 1581 (1935). Reprint 
1715. 

Smith, Russell S. and Purdy, W. C., ‘‘Stud 
ies of Sewage Purification. IV.—The Use of 
Chlorine for the Correction of Sludge Bulk- 
ing in the Activated Sludge Process.’’ THIS 
JOURNAL, 8, 223 (1936). Pub. Health Rep., 
51, 617 (1936). Reprint 1746. 

McNamee, P. D., ‘‘Studies of Sewage Puri- 
fication, V.—Oxidation of Sewage by Acti- 


* Presented at the 18th Annual Meeting, 
Central States Sewage Works Association, 
Lafayette, Ind., June 13-14, 1946. 


vated Sludge.’’ THis JOURNAL, 8, 562 
(1936). Public Health Rep., 51, 1034 (1936). 
Reprint 1774. 

Butterfield, C. T., Ruchhoft, C. C. and Me- 
Namee, P. D., ‘‘Studies of Sewage Purifica- 
tion. VI.—Biochemical Oxidation by Sludges 
Developed by Pure Cultures of Bacteria Iso- 
lated from Activated Sludge.’’ THis Jour- 
NAL, 9, 173 (1937). Pub. Health Rep., 52, 
387 (1937). Reprint 1812. 

Ruchhoft, C. C., McNamee, P. D. and But- 
terfield, C. T., ‘‘Studies of Sewage Purifica- 
tion. WII.—Biochemical Oxidation by Acti- 
vated Sludge.’’ THis Journat, 10, 661 
(1938). Pub. Health Rep., 58, 1690 (1938). 
Reprint 1987. 

Butterfield, C. T. and Wattie, Elsie, ‘‘ Stud 
ies of Sewage Purification. VIII.—Obser- 
vations on the Effect of Variations in the 
Initial Numbers of Bacteria and of the Dis- 
persion of Sludge Flocs on the Course of Oxi- 
dation of Organic Material by Bacteria in 
Pure Culture.’’ Pub. Health Rep., 58, 1912 
(1938). Reprint 1999. 

Ruchhoft, C. C., Butterfield, C. T., Me 
Namee, P. D. and Wattie, Elsie, ‘‘ Studies of 
Sewage Purification. IX.—Total Purifica 
tion, Oxidation, Adsorption, and Synthesis of 
Nutrient Substrates by Activated Sludge.’’ 
THis JOURNAL, 11, 195 (1939). Pub. Health 
Rep., 54, 468 (1939). Reprint 2050. 

Ruchhoft, C. C. and Smith, R. 8., ‘‘ Studies 
of Sewage Purification. X.—Changes in 
Characteristics of Activated Sludge Induced 
by Variations in Applied Load.’’ TuHIs 
JOURNAL, 11, 409 (1939). Pub. Health Rep., 
54, 924 (1939). Reprint 2074. 

Ruchhoft, C. C., Kachmar, J. F. and Moore, 
W. A., ‘Studies of Sewage Purification. XI. 
—The Removal of Glucose from Substrates 
by Activated Sludge.’’ THIS JOURNAL, 12, 27 
(1940). Pub. Health Rep., 55, 393 (1940). 
Reprint 2142. 

Ruchhoft, C. C., Kachmar, J. F. and Placak, 
O. R., ‘Studies of Sewage Purification. XII. 
—Metabolism of Glucose by Activated 
Sludge.’? THIS JOURNAL, 12, 485 (1940). 
Public Health Rep., 55, 582 (1940). Reprint 
2149, 

Lackey, James B. and Wattie, Elsie, ‘‘ Stud- 
ies of Sewage Purification. XIII.—The Biol- 
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ogy of Sphaerotilus natans Kutzing in Rela- 
tion to Bulking of Activated Sludge. THIS 
JOURNAL, 12, 669 (1940). Public Health 
Rep., 55, 975 (1940). Reprint 2166. 

Ruchhoft, C. C. and Kachmar, J. F., ‘‘Stud- 
ies of Sewage Purification. XIV.—The Role 
of Sphaerotilus natans in Activated Sludge 
Bulking.’? THIS JOURNAL, 18, 3 (1941). 
Public Health Rep., 56, 1727 (1941). Re- 
print 2309. 

Butterfield, C. T. and Wattie, Elsie, ‘‘ Stud- 
ies of Sewage Purification. XV.—Effective 
3acteria in Purification by Trickling Filters.’’ 
THIS JOURNAL, 13, 639 (1941). Pub. Health 
Rep., 56, 2445 (1941). Reprint 2343. 

Ruchhoft, C. C. and Placak, O. R., ‘‘ Studies 
of Sewage Purification. XVI.—Determina- 
tion of Dissolved Oxygen in Activated 
Sludge-Sewage Mixtures.’? THIS JOURNAL, 
14, 638 (1942). . Public Health Rep., 57, 1047 
(1942). Reprint 2390. 

Moore, W. Allan, Ruchhoft, C. C. and 
Wattie, Elsie, ‘‘Oxidation Reduction Studies. 
I.—Oxidation Reduction Potentials Developed 
by Pure Cultures in Sewage.’’ Tus Jour- 
NAL, 14, 980 (1942). 

Moore, W. Allan and Ruchhoft, C. C., ‘‘ Oxi- 
dation Reduction Studies. IT.—Potentials 
Developed in Sewage and Sewage-Activated 
Sludge Mixtures.’’ TuHIs JourNAL, 15 880 
(1943). 


Papers XI and XII were concerned 
with a study of the mechanism of the 
rapid removal and ultimate disposal of 
the non-electrolyte solutes which occur 
in sewage. In the above two papers, 
e@lucose was used as an example of this 
type of compound and the mechanism 
of its removal and utilization by acti- 
vated sludge was intensively studied. 
This study was then extended to in- 
clude various other organic solutes and 
was well under way when interrupted 
by the war. Transfer of personnel 
and other activities prevented the con- 
tinuation of the study. Now the data 
which were accumulated over a period 
of years and embrace a wide range of 
compounds, including sugars, alcohols, 
aldehydes, organic acids, amino acids 
and certain miscellaneous compounds, 
have finally been gathered together 
and summarized. 

The data presented are particularly 
informative in the ease of carbohy- 
drates, as they confirm conclusions 
previously drawn from glucose studies. 
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They illustrate to some extent the great 
versatility of activated sludge through 
its ability to attack and utilize a wide 
variety of quite dissimilar materials. 
In view of the fact that activated 
sludge is commonly considered in rela- 
tion to its utilization and stabilization 
of normal wastes, these data are re- 
markable, not so much for the materi- 
als not oxidized and not usable as a 
source of energy, but for the large 
number of chemically unlike materials 
utilized. Some 
phenomena such as adaptability with 
carbohydrates and growth of Sphaero 
tilus natans are included. 

These data are not to be construed 
as an attempt to discover the optimum 
conditions for the utilization of 
material used. They should, instead, 
be interpreted as the response of acti- 
vated sludge to each material under 
more or less average and standardized 
conditions. 


interesting accessory 


each 


Procedure 

The oxidation studies were carried 
out using an aeration device previously 
described (1). Essentially it is a 
closed system aeration chamber actu- 
ated by a mercury pump and contain- 
ing a known volume of air. The initial 
oxygen content may be determined as 
well as subsequent changes at appro- 
priate intervals by withdrawing smal! 
samples of air for analysis. Aeration 
with each substance was continued for 
22 to 24 hours, and samples taken at 
1, 3, 5 and 22- to 24-hour periods. A 
constant temperature of 20° C. was 
maintained throughout the oxidation 
period. 

A basic mineral buffer solution (1) 
was used throughout the entire series 
of experiments. This was presumed 
to contain the same mineral materials 
in about the same concentrations as are 
normally found in sewage. The fol- 
lowing ions were contained in this so- 
lution: ammonium, sodium, potassium, 
calcium, magnesium, phosphate, sul- 
fate and chloride. The urea and pep- 
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eat tone mentioned in the reference were mechanism of glucose removal from 
ugh omitted for these studies. An equiva- solution by activated sludge (2, 3) and 
ide lent quantity of this solution was used extending those conclusions to a 
als. to replace the supernatant withdrawn greater variety of carbohydrates, some 
ted from one liter of activated sludge. It of which are more complex in molecular 
ela- was thought advisable to keep the con- structure. 
ion centration of activated sludge solids In Table 1 are data concerning the 
re at about 2,000 p.p.m. but at times nature of the carbohydrates used and 
eri- there were variations from this ideal. the theoretical oxygen demands to be 
Sa In these experiments, the test material anticipated. Table 2 gives solids and 
ree to be used as the sole source of energy biochemical oxvgen demand data, and 
als or carbon was added to the prepared Table 3 lists the experimental oxida- 
ry activated mixture and the inerement tion figures and results obtained when 
ith of oxygen utilized by this addition individual carbohydrates are used 
ro was determined. In all cases, an iden- alone as a substrate feed with sludge. 
tical control sludge minus the test ma- It would seem that size, chemical 
Led terial was similarly run. A record of structure and solubility of the carbo- 
um pH was kept, and in most cases the hydrate molecules are all important 
ich sludge index was determined. The _ factors in their rate of removal from 
id. biochemical oxygen demand of the test the supernatant liquor by activated 
ti- material was determined at 2-day in- sludge. Different sludges would, how- 
ler tervals through 10 days. In certain’ ever, probably exert some influence, 
ed instances pure culture zooglea sludges that is the initial capacity to utilize 
with mueh lower solids content were carbohydrates might be greater in 
used. some than in others. 
There is an adsorption of carbohy- 
ed Carbohydrates drate immediately after mixing with 
te Seven carbohydrates were studied. sludge solids. The percentage, evident 
This ineluded I-xylose, glucose, maltose, in all cases, varied with the carbohy- 
se lactose, suerose, dextrin and soluble drate. It amounts to 4 to 7 per cent 
n- starch. The carbohydrate data ob- tor |-xylose, glucose and lactose, 13 to 
al tained are interesting, confirming 15 per cent for sucrose and maltose and 
as previously published data on the 30 to 80 per cent for dextrin and 
0- 
il] TABLE 1.—Basic Data on Carbohydrates Studied 
yn amaoe — = So RTO = ae om — ————o 
y1 Theoretical B.O.D. 
Equivalent per Mg. per Liter? 
at Gapahvarae | sks ranniain Molecular Wt. of (p.p.m.) 
: Weight Oxygen for oR 
A Oxidation 
aS Ultimate 5-day 
is l-Xylose | Pentose C3H.0; 150.13 | 160 107 | 0.78 
d-Gluecose | Hexose CpH120¢ 180.15 192 1.07 | 0.73 
Maltose | Disaccharide- | CHO | 360.31 384 107, | ~— 0.78 
5 reducing +H,.O | 
Lactose Disaccharide- | CrH»2On | 360.31 | 384 1.07 | 0.73 
d | reducing | +H,0 | | | 
ls Sucrose* Disaccharide | Cy2H22O11 342.29 384 1.12 0.77 
e non-reducing | 
E Dextrin Polysaccharide | (CeH100s5)x | 162.14 192 1.18 | 0.81 
a Starch Polysaccharide | (C6H100s)x | 162.14 192 1.18 | 0.81 
‘ a o Ss Caer eae Sree 
‘ "Common sugar. } ; s ma 
j On the assumption that the substrate contains enough nitrogen for the metabolic needs of 
)- the microorganisms to permit complete oxidation. 
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TABLE 2.—B.0O.D. Removal Data on Activated Sludge Fed with Carbohydrates 
(Aeration time in all experiments was 22 to 24 hours) 





























| pH Suspended Solids | eI 
Initial | (p.p.m.) | (p.p.m.) Percentage | percentace 
Cone. of : a = | of Theo- of B 0 D. 
Carbo- | Carbohy-| 5) G6 | Nl | | | retical Ini- | Observed 
hydrate drate Fed) 7 475° | | | Ob- tial 5-day |, , ; 
= ; Index Ob- After Mixing 
Fed in Sludge | | Indi- | The | served | .orved B.O.D. Re- | Removed in 
| Ini- | Fi- | Initial | pingt | cated |reticall 1™Me- |"Atter | (moved,'™ | 22-24 Hrs, 
my | tial | nal | Change | Initial diately | 22-24 stile 
| Mixing| HTs- 
os aaa I Ase eae Hass ease: pe ee ee 
l-Xvlose 500 37.5 | 6.7| 5.7) 1,984) 1,960} — 24} 365 | 340 {140.0 61.6 58.8 
1-Xylose 500 | 37.5 | 6.7| 5.7| 1,972 1,984, + 12] 365} 315 |155.0 51.5 50.8 
d-Glucose*| 699 | — | —]-—j 2,011 - 510 | 486 1.5 99.7 99.6 
| 979 | — |—|—|1,884] — | — | 715] 672 | 3.0] 99.7 99.6 
Maltose | 667 | 41.7 | 6.8 5.9| 2,088} 2,356) +268 | 487 | 320 4.1 99.1 98.7 
| 667 | 41.7 | 6.9) 5.8) 2,104) 2,348) +244 | 487] 310 | 7.1] 98.5 97.7 
Lactose 500 - | 6.6) 6.1] 3,176} 3,592) +416 | 365 | 249 4.2 98.8 98.4 
Sucrose | 500 - | 6.4] 6.6] 3,024] 3,284) +260] 385 | 332 1.5) 98.8 | 98.6 
Dextrin | 667 54 7.0) 6.7| 2,292) 2,400} +108} 540} 126 | 51.0 90.6 | 60.3 
| 667 | 54 | 7.0] 6.5] 2,372) 2,412) + 40] 540] 117 | 210] 96.1 | 32.1 
| 500 — | 6.5) 6.4) 2,936) 3,504) +568 | 405 | 288 | 5.8| 98.6 98.0 
Starch | 500 36.3 |-6.5| 6.7] 2,492) 2,380) —112} 405 | 98 9.5 97.6 90.3 
500 36.3 | 6.5) 6.5} 2,528! 2,412) —116 |} 405 75 8.2] 98.0 89.1 
500 - | 6.6| 5.6} 3,596) 3,772) +176 | 405 | 224 5.0} 98.8 97.1 


| 


* From paper XII, this series, Table 1, page 583. 
TABLE 3.—Oxidation of Carbohydrates by Activated Sludge + 


Per Cent of Theoretical UIti- 
mate Carbohydrate Demand 
Satisfied in Indicated Time 


Quantity \ i Mg. of Oz Used in Indicated 
, Mg. of O Time (hours) as a Result 


Quantity of Slade 


Carbo- | of Carbo- ae Used in of Carbohydrate Feec 
Te el iodeates sc ae 24 tos, tes f Carbohydrate | A hrs.) 
Fer “ed ites Control 
| p.p.m.) ment Sludge 
p.p.m.) 
| l 5 5 22 to 24 1 3 5 22 to 24 
ran + eee 5 ints ea iS _ ae aa 
I-Xylose | 500 1,984 132.3 | 0 0 0 52.3| 0 0 0 | 9.78 
500 1,972 132.3 0 16 | 26) 37.5} 0 | 0.30! 0.49] 7.50 
Glucose* | 1,000 139.9 | 34.3 | 60.2 | 75.0 | 107.8] 3.21 | 5.63 | 7.01/ 10.1 
720 3,228 246.7 | 27.0 | 48.1 | 59.1 - | 3.50 | 6.24 | 7.67 
Maltose | 684 | 2,784 | 1414 | 86] 5.0| 66] 0 | 1.17 | 0.68} 0.90] 0 
684 | 3,272 176.2 | 27.9 | 56.8 | 71.5 | 163.8] 3.81 | 7.76 | 9.77 | 22.4 
| 667 2,088 1132 9.0 | 42.5 | 58.4 | 61.5} 1.26 | 5.94 | 8.18! 8.61 
| 667 2,104 113.2 7.3 | 26.7 | 41.5 | 45.2] 1.02 | 3.74 | 5.81] 6.33 
eee : i ena Sateen! MRCS eee ‘[SSeEcee see ee 
- a “| ke © | | j | 
Lactose | 684 3,228 246.7 | 25.0 | 51.9 | 90.6 | 157.9] 3.41 | 7.09 | 12.4 | 21.6 
684 3,028 154.4 | 24.6 | 59.4 | 77.5 | 175.1| 3.36 | 8.11 | 18.6 | 23.9 
Sucrose | 684 2,784 141.4 | 16.6 | 49.3 | 70.0 | 54.1| 2.17 | 6.44 | 9.14] 7.11 
Dextrin | 667 | 2,292 | 184.5 | 0 | 138/102|} 0 | O | 1.75| 1.30} 0 
667 2,372 184.5 | 16.8 | 37.7 | 33.2 | 38.8] 2.13 | 4.79 | 4.22] 4.92 
Starch 500 | 2492 | 862 /0/]0 {0 !]o0!10!0+/0 |o 
| 500 2,528 86.2 | 0 o10@18;@18 0 0 


| | | 





* From Paper XII, this series, Table 1, page 583. 
+ Normal activated sludge (7.e. plant sludge). 
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starch. After this initial adsorption 
there is a continuous removal of dis- 
solved material from solution. Refer- 
ring to Table 2, it is at once apparent 
that during a 22- to 24-hour aeration 
period better than 90 per cent of the 
3.0.D. of all carbohydrates used, with 
the exception of l-xylose, was removed 
from solution. Fifty to 60 per cent of 
the l-xylose was removed. That even 
this low percentage may be increased 
under certain conditions may be seen 
by referring to Table 4. 

It has been previously demonstrated 
with respect to glucose (2) that re- 
peated feedings of that material pro- 
duee a sludge capable of removing glu- 
cose at much higher rates than the un- 
acclimated sludge. Table 4 demon- 
strates that this property of activated 
sludge can be applied to I-xylose to in- 
crease its utilization and can also be 
extended to starch and dextrin to in- 
erease their rate of removal. With re- 
spect to the pentose sugar, I-xylose, not 
only is the rate of removal more rapid 
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over a 22- to 24-hour aeration period 
but the over-all removal is increased 
to about 98 per cent. This is espe- 
cially significant in view of the rather 
poor B.O.D. removal in a similar period 
by an unacclimated sludge. Starch 
exhibits a similar increased rate of re- 
moval. The over-all removal for dex- 
trin is also much more rapid, using the 
acclimated sludge; the 5-hour rate ap- 
proaching the 22- to 24-hour rate in the 
ease of the unacclimated sludge. 

In acclimating the activated sludges 
used in Table 4, the solids were consid- 
erably increased and some of the data 
presented in the table were obtained 
by using acclimated sludges higher in 
suspended solids than the controls. 
That this does not alter the general 
trend or significance of the conclusions 
reached is attested by the second starch 
experiment run initially and at 22 
hours. The acclimated sludge used 
here is the same one used in the first 
starch experiment, but with the solids 
reduced to approximately the same as 


TABLE 4.—Comparison of Sludges Acclimated to Various Carbohydrates 











with Unacclimated Sludges 




















Acclimated Sludges Control Sludges 
| Inter- | as care ie eS ae ee 
bes Bue | a gree =~ se i eo Pn 
; er) oe | tended | AM | pop, | oe | pn | eet) A | Bon. _ 
Te teen ee lemme] | Goer 
= eS Cee. peers enter Seer 
Xylose | 0 | 7.5 | 2,940 15.0 | 610 - | 73 | 1,468 |242 | 726 | — 
1 | 3,016 | 15.1 164 | 23.9 - | 1,516 | 22.7 | 673 7.27 
3 - | 3,816 113.5 | 210 | 65.6 | — |° 1,524 | 25.4 572 | 21.21 
| 5 - | 3312 118.3 | 42 | 93.1 | | 1,524 }19.4 | 598 | 17.63 
23 | 7.4 | 3212 |142 | 8 | 98.7 | 54 | 1,616 |16.1 | 439 | 39.53 
Dextrin | 0 | 7.7 | 2,236 | 10.55] 1,118 - | 7.5 | 1,580 | 22.1 | 1,350 - 
1 - | 2700 | 8.00] 582 17.94 | — | 1,696 |20.0 |1,276 | 5.48 
2 | | 2,856 | 7.98} 386 | 65.47 | — | 1,812 | 19.2 |1,002 | 25.80 
3 | — | 3,260 | 8.48) 264 | 76.39 | | 1,872 | 17.95] 878 | 34.97 
| 5 | — | 3,192 | 8.47] 106 | 90.52 | 1,968 | 16.65| 644 | 52.30 
| 23 | 7.3 | 3,132 | 6.90 4 | 99.64 | 7.1 | 2,616 | 13.46] 26.9] 98.01 
. BE eeee amen (prerneen ner | Seon ts a (Rae ee | ce |e Sass eae | Perea oe 
Starch 0 | 7.5 | 5,532 | 8.97|1,506 | — 7.4 | 1,616 | 21.0 | 1,540 — 
1 | — | 6,140 | 7.88} 1,048 | 30.41 | — | 1,836 | 18.2 | 1,430 7.14 
3 | — 4 6,720 | 7.19] 542 | 64.01 | — | 1,920 |17.3 |1,266 | 17.80 
5 | — | 7,124 | 6.90} 140 | 90.70 | — | 2,108 | 15.75]1,156 | 24.99 
23 | 7.5 | 6,992 | 7.21! 16.9) 98.88 | 7.3 | 2,768 }12.15] 204.5| 86.72 
ee | } ! | | | rt 
Starch 0 | 7.5 | 1,852 | 6.5 {1,462 | — 7.3 | 1,740 | 20.0 | 1,466 — 
22 | 73 | 3,244 | 5.8 | 16 | 98.91 | 7.1 | 2,880 | 14.45] 213 | 85.60 
| | | | p 
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those found in a new control sludge. 
It will be seen that solids increase and 
per cent B.O.D. removal is very similar 
to the preceding experiment. 

The oxidation experiments (Table 
3) emphasize that but a small portion 
of the material that was absorbed and 
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by activated sludge, are not oxidized to 
as great an extent as the peptones, and 
that they are utilized and retained as 
protoplasm in the zoogleal and other 
cells. 

These interesting facts led to a more 
complete study of the removal of the 


utilized was completely oxidized. This complex carbohydrate dextrin from 
is true for all carbohydrates studies. solution. The data obtained are tabu- 


In a previous paper (3) it has been 
shown that only about 11 to 31 per 
cent of the glucose that is removed 
from solution is completely oxidized in 
22 to 24 hours. From the data pre- 
sented in Table 3 there is no evidence 
that any of the starch removed from 
solution in the first 24-hour aeration 
period was oxidized. In the case of 
dextrin about 5 per cent of the ma- 
terial removed could be accounted for 
by the additional oxygen used in one 
experiment, but the second experiment 
indicates an even poorer performance. 
The remaining carbohydrates, ]-xylose. 
maltose, lactose and sucrose, were oxi- 
dized during a 22- to 24-hour aeration 
period in varying ranging 
from 7 to 24 per cent. 

These values are of similar maeni- 
tude to those previously obtained for 
glucose. It is very apparent that all 
of these soluble carbohydrates, which 


degrees 


5(a) and 5(b). Bio- 
chemical oxygen demand removal rates, 
solids increases and partition charac- 
teristics were determined using a nor- 
mal activated sludge and also one 
which had been acclimated to dextrin 
by previous feedings over a period of 
several days. The partition character- 
istics was determined by incubating 
the several portions with diastase and 
titrating the reducing sugars formed 
with ceric sulfate (4). 

From the data obtained it is possible 
to determine an approximate correla- 
tion between the biochemical oxygen 
demand and the amount of reducing 
material present and also to subdivide 
the reducing material into those por- 
tions present in the supernatant, sludge 
and that increment not detectable as 
dextrin or its degradation products. 
This latter portion represents the por- 
tion removed and wholly utilized, prob- 


lated in Tables 


are so rapidly removed from solution ably retained as protoplasm in_ the 
TABLE 5(a).—-Characteristics of Dextrin-Acclimated and Unacclimated Sludges 
(B.O.D. and Solids Data) 
| Suspended Solids a oe ye = Bcc of B.O.D. Utilized 
Time meen) p.p.m.) (%) (p.p.m.) 0) 
Interval aol 2 a a" —— = 
| l 
i ae ee \ l \ l \. { \ { 
Before | | 
Feeding | 2,072 902 | ea pee 4.8 
After | | | | 
Feeding | 2,236 | 1,580 | 164 {| 28 | 7.9 | 1.8 | 1,118 | 1,350 23.2 7.3 
I-hour...| 2,700 | 1,696 | 628] 144 | 303 | 9.3 | 582 /1,276 | 60.0 | 12.5 
2-hour. | 2,856 | 1,812 784 | 260 | 37.9 16.7 386 | 1,002 | 73.7 31.2 
3-hour...| 3,260 | 1,872 | 1,188 | 320 | 57.3 20.6 264 878 82.0 39.7 
5-hour...| 3,192 | 1,968 1,120 416 | 54.1 26.8 106 644 93.0 | 55.7 
23-hour.. . | 2,416 | 1,060 864 | 51.2 | 55.7 —- — | 


3,132 | 


5-day B.O.D. of dextrin feed added = 1,457 p.p.m. 
A = acclimated. 
U = unacclimated. 


ll 








3-hour...| 53 | 1,388 1.8 | 46.0 
5-hour.. .| 14 | 1,020 0.5 | 33.8 
23-hour...| 70 103 | 23 | 3.4 





Vol. 19, No. 3 


STUDIES OF SEWAGE PURIFICATION—XVII 429 


TABLE 5(b).—Characteristics of Dextrin-Acclimated and Cancemmeee Sludges 
(Reducing Materials Data) 








| 
| Reducing Carbohydrates in 
Supernatant 


Reducing Carbohydrates in 
Sludge Per Cent of Dex- 
trin Not Detect- 





- as Reducing 











yas | Quanity | Gung Quamuity | uppity | Mate 
A U A. U A Lt A U. A U 
Before 
Feeding 20 62 — - 178 | 1388 | =~ — 
After | 
Feeding | 2,535 | 2,825 84.0 93.5 470 415 16.0 14.4 0.0 | —7.5 
l-hour...| 1,137 | 2,303 37.6 76.0 702 387 23.2 12.5 39.2 11.5 





2-hour... 378 | 1,683 12.5 55.8 














Reduci ing material value of added Ide xtrin feed = 


A = Acclimated. 
U = Unacclimated. 


zoogleal or other cells, and contribut- 
ing together with the fraction found as 
reducing material in the sludge to the 
inerease in solids. After resolution 
into these three components, the por- 
tion not detectable as reducing mate- 
rial, with the exception of the accli- 
mated sample during the first hour, 
agrees approximately with the B.O.D. 
removed from solution during compar- 
able intervals. 

It is erroneous to assume, as fre- 
quently is done in the ease of carbohy- 
drates that lack of acid or gas produc- 
tion indicates biochemical inactivity. 
Rather the reverse is true, and these 
soluble materials are capable of utiliza- 
tion in relatively large quantities and 
frequently at high rates. 

It may be stated then that during a 
23-hour aeration period, it is imma- 
terial whether a sludge has been accli- 
mated to dextrin or not as measured 
by over-all removal. In either case 2 
to 3 per cent is found in the super- 
natant, 7 to 8 per cent is recovered 
from the sludge, and approximately 
90 per cent has been completely uti- 
lized with the production of a 51 to 55 
per cent increase in sludge solids. In 
the intervening time intervals, how- 


473 239 15.7 7.9 71.8 36.3 
418 222 13.9 7.4 84.3 46.6 
376 236 12.0 7.8 87.5 58.4 
219 232 7.2 (Sart 90.5 

















L | 88.9 


3,020 p.p.m. 


ever, no such agreement is indicated. 
In the acclimated sample these 23-hour 
figures are closely approached in 3 
hours, 1.8 per cent is found in the 
supernatant, 13.9 per cent in the sludge 
and 84.3 per cent utilized. At 3 hours 
in the unacclimated sample 46 per cent 
is found in the supernatant, 7.4 per 
cent in the sludge and only 46.6 per 
cent completely utilized. It is quite 
evident that the rate of removal, though 
not the total removal, has been altered 
by the program of previous feedings. 
About twice as much reducing ma- 
terial is found in the acclimated sludge 
as in the other until the 23rd hour is 
reached. At the end of the first hour 
these figures are 23.2 to 12.5 per cent, 
from the 2nd to the 5th hour, the 
amount in the acclimated sludge de- 
creased slowly from 15.7 to 12 per cent 
and in the other very little change 
(7.4 to 7.9 per cent) occurs. At 23 
hours they are similar at 7.2 to 7.7 per 
cent. 

These differences in removal mecha- 
nism then stand out. An acclimated 
sludge removes approximately the 
same amount of dextrin from solution 
in 2 to 3 hours as an unacclimated 
sludge does between 5 and 23 hours, 
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producing at the same time propor- 
tionate increases in the amount of 
sludge solids. About twice as much 
removed material is contained in the 
acclimated sludge as in the unaccli- 
mated sludge until stabilization is 
reached at some time interval between 
the 5th and 23rd hour. After 2 to 3 
hours any removal in the acclimated 
sample is at the expense of reducing 
material contained in the sludge. In 
the unacclimated sample, it is being 
removed from the supernatant. Both 
systems are similar at 23 hours and 
have produced approximately 50 per 
cent more solids, the ash content of 
which has been reduced by about 40 
These solids figures deserve 


per cent. 
and will be dis- 


more consideration 
cussed later. 

In view of the considerable interest 
in Sphaerotilus natans, the ability of 
this organism to utilize various carbo- 
hydrates (other than glucose) as sources 
of food material was investigated. The 
nutrient materials used were glucose, 
l-xylose, soluble starch and dextrin. 
The glucose sample permits a check on 
previous published data (5). In these 
tests contamination by other organisms 
was precluded. 


TABLE 6.—Growth Response of Sphaerotilus 
Natans to Various Carbohydrate Substrates 








Carbo- 











iti 94. | -He 7 -rease 
ow — sitial EA at Pays 
(p.p.m.) (p.p.m.) | pH | (p.p.m.) | (p.p.m.) 
Control .| None | 5.2 | 7.7 | 74 | 68.8 
l-Xylose.| 1,250 | 5.2 | 7.3 72 | 66.8 
Glucose .| 1,250 5.2 | 5.7) 640 | 634.8 
Dextrin .| 1,250 5.2 | 6.9] 612 | 606.8 
Soluble 
Starch} 1,250 biz | 6.7 | 560 | 554.8 
| ! | 








Data obtained are tabulated in Table 
6. The growth response of Sphaerotilus 
natans to dextrin and soluble starch as 
sole sources of energy is comparable to 
its response to glucose. It seems, how- 
ever, unable to utilize l-xylose at least 
within a 22- to 24-hour aeration period. 
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It is probable, however, that in most 
eases the introduction of a carbohy- 
drate will promote growth of Sphaero- 
tilus natans (6). 

Solids figures have not been stressed, 
but reference to any of the tables shows 
large inereases in sludge solids when 
a carbohydrate feed is used. This fact 
is so persistently obtrusive that it can- 
not be ignored, and it possesses real 
significance. Whenever an activated 
sludge, which is perfectly normal in all 
respects, is suddenly subjected to an 
increase of carbohydrates feed, a fine 
state of balance is upset. The sludge 
immediately attempts to adjust itself 
to this alien feed and soon is consum- 
ing it in ever increasing quantities. In 
itself, this is desirable but, as a neces- 
sary corollary, adsorption and assimila- 
tion at rapid rates produce enormous 
quantities of sludge with a low ash 
content. This sludge production may 
amount to 50 per cent or better in a 
24-hour period (Table 5a). Such in- 
creases in solids would seriously affect 
the equilibrium of the average plant 
not designed to cope with such a factor. 
This is not bulking per se but simply 
an unruly sludge production. How- 
ever, the conditions most favorable for 
zooglea are also well suited for the 
growth of Sphaerotilus natans. Too, 
as has been shown in Table 6, all of the 
carbohydrates studied with the excep- 
tion of the pentose sugar ]-xylose were 
readily utilized by Sphaecrotilus, result- 
ing in a rapid increase of that organ- 
ism. This is an additional hazard. 

The effect then on a plant called 
upon to handle sudden increases in 
carbohydrates should be a tremendous 
and perhaps unmanageable increase in 
sludge solids; this sludge having a 
greatly decreased ash content. As a 
complicating factor, conditions condu- 
cive to the growth of Sphaerotilus 
natans would exist. Either is undesir- 
able and serious but if the two occur 
simultaneously the operation of an acti- 
vated sludge plant will be seriously 
impaired. 
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TABLE 7.—Basic Data Alcohols, Aldehydes and Organic Acids 
Theoretical B.O.D. 
Equivalent per Mg. per Liter 
Compound Synonym Formula oral Poy (P.p.m.) 
Oxidation 
Ultimate 5 days 
Methyl Alcohol | Wood Alcohol} CH;0H 32.03 48 1.50 1.03 
Methanol 
Ethyl Alcohol Ethanol CH;CH.OH 46.05 96 2.08 1.42 
Ethylene Glycol | Glycol (CH.OH)>. 62.05 80 1.29 0.88 
Glycerine Glycerol C;H;(OH); 92.06 112 1:22 0.83 
Formaldehyde Formalin HCHO 30.02 32 1.07 0.73 
Methanol 
Formic Acid Methanoic HCOOH 46.03 16 0.348 0.24 
Acid 
Acetic Acid Ethanoic CH;COOH 60.05 64 1.07 0.73 
Acid 
Tartaric Acid Weinsaure (CHOHCO2H)>» 150.09 80 0.533 0.36 
dor] 
Citric Acid ~ HO.CCH:C(OH) 192.12 144 0.750 0.51 
(CO:H)CH2CO.H 
Lactic Acid — CH;CHOHCO;H 90.08 96 1.07 0.73 
Oxalie Acid Ethandioic (CO2H)2:2H2O 126.07 16 0.127 0.086 
Calcium — Cy2H220 Ca 430.35 352 0.818 0.56 
Gluconate 
Ammonium — C.H;02N H, 77.08 64 0.83 0.56 
Acetate 
































Alcohols and Organic Acids 


Compounds belonging to the classes 
of aleohols and organic acids studied 
included methyl and ethyl alcohols, 
ethylene glycol, glycerine, formalde- 
hyde, ammonium acetate, calcium glu- 
conate and formic, acetic, tartaric, cit- 
ric, lactic and oxalic acids. 

The aleohols and organie acids are 
quite readily removed from solution 
with the exception of methyl alcohol 
and oxalie acid, as will be observed by 
referring to Table 8. Two initial 
B.O.D. figures are given, a theoretical 
and one observed immediately after 
mixing. Oxalie acid shows no removal 
of the theoretical, and 37 to 45 per cent 
removal of the observed B.O.D. With 
methyl alcohol in the concentrations 
tried, little removal is evidenced, only 
3.6 per cent of the B.O.D. observed 
after mixing in one case and none in 
the other. This corresponds to 5.74 
per cent and 2.43 per cent of the theo- 
retical initial B.O.D. Calcium glu- 
conate and ethylene glycol are inter- 


mediate, showing removal data rang- 
ing from 60 to 80 per cent. All of the 
remaining test materials in this group 
indicate a B.O.D. removal from solu- 
tion corresponding to 98 per cent or 
better in 22 to 24 hours. It is interest- 
ing to note also, that in the case of 
methyl alcohol with a very low amount 
of B.O.D. removal, there is an 8.5 per 
cent decrease in solids while the next 
higher alcohol, ethanol, with a B.O.D. 
removal of better than 99 per cent, 
shows an 18.5 per cent increase in 
solids. 

It should perhaps be stated here that 
while exact norms are not established 
by oxidation experiments, reasonably 
accurate behavior expectancies are in- 
dicated. Although every attempt has 
been made to maintain uniform experi- 
mental conditions, certain deviations 
from the normal cannot be avoided. It 
is not possible, for example, to use 
exactly the same amount of an identical 
sludge throughout so many experi- 
ments, consequently variations due to 








432 SEWAGE WORKS JOURNAL 


May, 1947 


TABLE 8.—B.O.D. Removal Data on Activated Sludge Fed with Alcohols and Organic Acids 






































Suspended Solids 5-day B.O.D. of 
Initial pH (p.p.m.) Supernatants (p.p.m.) | Percentage | Percentage 
onc. of of Theo- of B.O.D. 
Com- 2 retical Ini- | Observed 
Compound pound | Sludge Ob- Ob- tial 5-day After 
Fed Fed in | Index Indi Th served | served B.O.D. Mixing 
Sludge Ini- | Fi- | Ini- | Fi- ndi- ©O- | Imme-| After | Removed Removed 
Liquor tial |nal| tial | nal | cated | retical diately | 22 to | in 22 to 24 | in 22 to 24 
(p.p.m.) | ~ | Change | Initial | “sfrer 24 Hours Hours. 
| Mixing} Hours 
Methyl! Alcohol 997 110.9 | 7.1 |6.8 12,028] 1,884} —144 {1,027 1,004 968 5.74 3.6 : 
: 997 110.9 | 7.1 | 6.8 ' 024)1 824) —200 {1,027 914 |1,002 2.43 0.0 
| 
Ethyl] Alcohol. . 1,000 61.0 | 6.9 | 5.9 |1,736/2,024; +288 |1,420 770 6.5 99.5 99.2 
1,000 61.0 | 6.9 | 6.1 eo 2,080; +358 |1,420 740 5.1 99.6 99.3 
| | 
Glyool.........- 484 76.4 | 7.0 ss 11,256/1,260/ +4 | 426 = 98 76.5 = 
484 76.4 | 7.0 | 5.9 [2 236/1,256 +20 426 _ 112 8 —_ 
| | 
Glycerine...... 7200 | — |—|—|2,316, — | — | sore] 47] — = — 
720 src Soe as (beac | — | 5976) 407) — — _ 
Acetic Acid....] 578 | 59.1 | 6.9 | 5.5|2,068/2,268/ +200 | 422 455 2.6} 99.4 99.5 
| 578 | 89.1 | 6.9 | 5.5 /2,132)2,296) +141 | 422 456 28] 99.3 99.4 
("| 
Citric Acid..... 550 62.2 | 7.3 | 7.4 |2,228/2,264 +36 280 265 4.5 98.4 98.3 
| 550 | 62.2 | 7.3 | 7.4 |2,240/2,324 +84 280 253 4.5 98.4 98.2 
Calcium | | | } | | 
Gluconate. . .| 250 64.6 | 7.4 | 6.5 [1,428 1,436 +8 | 138 93 25.3 81.7 72.8 
| 250 | 64.6 | 7.4 | 6.5/1,448/1,424 —24 | 133 86 33.0 74. 61.6 
| | | 
Oxalic Acid... -| 250 87.7 | 7.2 | 6.9 |2,044/2,072 +28 21.5 44 27.5 0 37.5 
| 250 87.7 | 7.2 | 6.9 ? on 36 21.5 40 22.0 0 45.0 
| 























the demands of the test sludge and its 
particular initial predilection for the 
test material may occur. However, a 
reasonable basis is established for pre- 
dieting whether oxidation of material 
removed from solution occurs, to what 
extent and at what rate, and if viewed 
in this light the data presented in Table 
9 are helpful and informative. 
Formaldehyde was the only material 
in this group that showed no evidence 
of oxidation by activated sludge. It 
had, in fact, a detrimental effect, less 
oxygen being used by the formalde- 
hyde fed sludge than by the control 
sludge. The other materials studied 
in this group all indicated some meas- 
ure of oxidation of the material re- 
moved from solution. Some are quite 
regular in performance while others 
show variability in degree and some- 
times in the time interval required for 
appreciable oxidation. Acids in general 
are readily oxidized, with the possible 
exception of oxalic acid, in which con- 
tradictory results are apparent. Two 
samples with activated sludge indi- 
cated no oxygen utilization, while one 


showed progressive oxidation until the 
5th hour, 31.9 per cent, and a decline 
to 12.2 per cent at 22 to 24 hours. 
With a pure culture sludge a progres- 
sive oxidation to 19.9 per cent at 22 
to 24 hours took place, the rate, how- 
ever, being extremely slow until the 
oth hour. Formic acid was readily at- 
tacked by activated sludge but not by 
pure culture sludge in the single ex- 
periment performed. Lactic acid was 
readily oxidized by pure culture sludge. 
Citric acid exhibited one irregularity 
indicating no oxidation, although a 
similar sludge on the same day had 
successfully oxidized 80 per cent of the 
tartaric acid in 22 to 24 hours. Citric 
acid also had a tendency to start slowly 
and to indicate little oxygen utiliza- 
tion until the 5th to 24th hours. Acetic 
and tartaric acids are readily and very 
appreciably oxidized, both by activated 
sludge and by pure culture sludges, al- 
though a tendency is evident for pure 
culture sludges to produce less oxygen 
utilization during the first 3 to 5 hours. 
Ammonium acetate is apparently more 
readily oxidized than acetic acid itself. 





pe 
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TABLE 9.—Oxidation of Alcohols and Organic Acids by Activated Sludge 
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Per Cent of Theoretical Ulti- 








Mg. of Mg. of O2 Used in Indicated 
Quantity|Quantity| O2 Used Time in Hours as a mate Demand of Compound 
of Com- |of Sludge} in 24 Result of Alcohol Satisfied in Indicated Time 
Compound Fed pound | Used in | Hours or Acid Feed in Hours 
Fed Experi- by 
(p.p.m.)} ment {Control 
Sludge 1 3 5 22-24 1 3 5 | 22-24 
Methyl] Alcohol 500 | 3,272 | 176.2 | —8.4| —5.6 7.0} 110.0} 0.00} 0.00) 0.93) 14.6 
997 | 2,028 | 219.2 6.1 4.8 41.0} 0.41) — 0.32) 2.74 
997 | 2,024 | 219.2 6.2}; — 5.5 35.8| 0.41; — 0.36} 2.39 
Ethyl Alcohol 1,000 | 1,786 | 106.3 6.3} 37.7] 83.5] 512.9] 0.30} 1.81} 4.01) 24.6 
1,000 | 1,732 | 106.3 1.5} 29.5] 71.5% 501.9] 0.07} 1.42) 3.43] 24.1 
Glycol} 484 | 1,256 82.7 | —2.7 4.1 3.3 48.2} 0.00) 0.66; 0.53) 7.72 
484 | 1,236 82.7 | —6.0 5.6 4.4 47.2| 0.00) 0.90] 0.71] 7.56 
Glycerine 720 | 2,316 76.0 23.4 87.5 | 138.7 247.6| 2.7 9.96} 15.79] 28.19 
720 600*} 41.9 16.3 66.6 | 166.4 317.9| 1.86} 7.58} 18.94] 36.19 
Formaldehyde 720 | 2,600 | 107.5 | —8.1| —8.7} +2.1] —29.3| 0.00} 0.00) 0.28} 0.00 
Formic Acidt 720 | 2,052 75.0 29.0 43.7 49.5 100.0 | 11.6 | 17.4 | 19.8 | 39.9 
Acetic Acid 716 | 3,228 | 246.7) 33.2] 121.2] 150.3] 143.5] 4.3 | 15.8 | 19.6 | 18.73 
716 610*} 41.2 13.9] 43.6] 1389.2} 4295.1] 1.8 | 5.7 | 18.2 | 55.5 
716 768* | 55.5 2.0 14.9 35.0 437.2| 0.26) 1.9 4.6 | 57.1 
716 | 2,884 46.9 15.0 46.2 83.2 409.0} 1.9 6.0 | 10.9 | 53.4 
578 | 2,068 | 126.5 23.4 86.9 | 133.4 190.3} 3.8 | 14. 21.6 | 30.8 
578 | 2,182 | 126.5 22.2 78.8 | 122.9 178.9| 3.6 | 12.7 | 19.9 | 28.9 
Ammonium 1,000 | 3,420 70.6 | 40.2] 173.3| 308.9] 659.90] 4.8 | 20.8 | 37.0 | 78.9 
Acetate 
Tartaric Acid 720 | 2,141 133.4 28.4 46.6 96.6 249.8] 7.4 | 12.1 | 25.0 | 65.0 
720 | 2,880 | 236.0 0.0} 62.5} 94.8] 308.0} 0.0 | 16.3 | 24.7 | 80.3 
720 748* | 26.2 6.7 2.6] 13.6] 112.38} 1.7] 0.67) 3.5 | 29.3 
720 768* | 37.9 Bek 12.9 19.0 221.9 1.3 3.4 5.0 | 57.6 
Citrie Acid 720 | 2,141 133.4 12.2 10.2 29.9 164.8| 2.3 1.9 5.5 | 30.4 
720 |.2,880 | 236.2 |—14.3 |—24.7 |—28.1}—158.0} 0.0} 0.0; 0.0] 0.0 
550 | 2,228 | 158.7} —6.4] —3.0 La 26.9} 0.0 0.0 2.5 9.2 
550 | 2,240 | 158.7] —0.9 15.4 25.3 44.0} 0.0 5.3 8.6 | 15.0 
720 748* | 26.2 3.3 1.4 0.0 80.2} 0.61); 0.26) 0.0 | 14.9 
Lactic Acid 720 768* | 37.9 13.4 54.4 80.1 320.9} 1.7 7.1 | 10.4 | 41.7 
720 748* | 26.2 14.2 28.2 42.5 535.3] 1.8 3.7 5.5 | 69.5 
Ca Gluconate 250 | 1,428 98.0} —3.3] 18.0] 18.9 27.9} 0.0 | 88] 9.2 | 13.6 
250 | 1,448 98.0} —5.3} 18.5] 19.3 28.1} 0.0] 9.0 | 9.4 | 13.7 
Oxalie Acid 250 | 2,044 | 101.6] —0.1] —1.2/—12.8} —18.3] 0.0 0.0 0.0 0.0 
250 | 2,048 | 101.6] —3.4| +2.2|}—13.3| —24.4} 0.0] 0.0} 0.0] 0.0 
720 | 2,780 | 182.8 5.5} 18.1] 29.0 11.1} 6.0 | 19.7 | 31.9 | 12.2 
720 226* | 28.4 0.5; — 5.0 18.1} 0.55) — 5.5 | 19.9 






































* Pure culture zoogleal sludge was used. 
t Glycol was not oxidized by pure culture zooglea. 
t Formic acid was not attacked by pure culture zoogleal sludge in the single experiment 


performed. 
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Whether this is due to the additional 
nitrogen introduced with the salt has 
not been determined. 

Of the acids studied then, all were 
capable in varying degree of being oxi- 
dized by activated sludge. There is an 
apparent tendency for this oxidation 
to proceed slowly, using oxalic and cit- 
ric acids for the first 3 to 5 hours. 
When pure culture sludges are used 
this tendency is apparent with all acids 
used. The amount of oxidation is at 
least as great as is found with carbo- 
hydrates, and in the ease of lactic, tar- 
taric and acetic acids, greatly exceeds 
the rates with carbohydrates. 

Glycerine is apparently the most 
easily oxidized alcohol. It is the only 
one studied that is oxidized to any ap- 
preciable extent in the first hour. Nei- 
ther methy] alcohol nor ethylene glycol 
are oxidized to any significant extent 
to the 5th hour. Ethylene glycol is not 
attacked at all by pure culture zoogleal 
sludge. At 22 to 24 hours ethyl! alcohol 
and glycerine are being actively oxi- 
dized, 24 per cent in the former ease, 
and 29.0 to 37.2 per cent in the latter. 
This compares with about 7.5 per cent 
for ethylene glycol. Methyl alcohol 
indicates a 2.7 to 14.6 per cent oxida- 
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tion of the material removed from solu- 
tion but reference to Table 8 shows 
that a very limited amount was actu- 
ally removed from solution. 

Generalizing from the materials 
studied it would seem that the alcohols 
are not as readily oxidized as the or- 
ganic acids. 


Amino Acids, Proteins and Miscella- 
neous Compounds 


In Table 11, data on the removal of 
B.O.D. from substrates containing var- 
lous amino acids and miscellaneous 
compounds are presented. The amino 
acids are quite readily removed from 
solution. The removal in 22 to 24 hours 
is approximately 90 per cent or better 
with all amino acids studied except 
tyrosine and cystine. The indicated 
removal of 5-day B.O.D. with tyrosine 
amounts to about 30 per cent. Cystine 
shows no removal of the 5-day B.O.D. 
observed immediately after mixing. 
Castile soap is also readily removed 
from solution, to the extent of about 
90 per cent in 22 to 24 hours. Gelatin 
is not quite as effectively removed, the 
percentage being approximately 80 per 
cent in the same time interval. Soap is 
remarkable also, in that approximately 


TABLE 10.—Basic Data—Amino Acids, Proteins and Miscellaneous Compounds 





























| Theoretical 
| Carbonaceous 
Compound i i B.O.D. per 
Molec- | Equivalent} Mig. per Liter 
| = Weight of 
Formula ular | Oxygen for (p.p.m.) 
Weight Oxidation |————_———— 
Common Scientific Name When Ulti- | - ay 
Name Known, or Synonym | mate | 2-443 
Glycine....... a-amino acetic acid | NH2CH2:COOH 75.07 48 0.64 0.4 
Alanine....... a-amino propionic acid | NH»CH(CHs) ‘COOH 89.09 96 1.08 0.74 
Glutamic Acid.} a-amino glutaric acid | HOOC -CHNH2(CH2)2COOH 147.13 144 0.98 0.6 
Tyrosine...... B-(p-hydroxyphenyl) | é 
a-amino propionic acid | HO-CeHs-C2Hs(NH2)COOH 181.18 304 1.68 1.15 
Cystine....... BB’-di-thio-di-(a-amino 
propionic acid) | (HOOC -CH(NH2)CH3S)2 240.29 176 0.73 | 0.50 
Peptone....... Poly peptide — — _ 1.03 0.70 
Meat Extract..| Mineral salts and peptones| _ _ _ 0.47 0.32 
COS — | — — —_ 0.98 0.67 
Olive Oil...... = = mp iter = 0.153 | 0.10 
PR cies 580s Sodium oleate | CH:;(CH:2)7CH: CH(CH2);COONs| 304.45 800 2.14 1.46 
Mineral Oil.... _ — _ _ 0.012 | 0.008 
Potassium | pam 
Cyanide.... _ KCN 65.10 os —_ _ 
LOO See Carbamide NH2:CO-NHe 60.06 0 0 
Acetonitrile. ..| Methyl cyanide CH;:CN 41.05 64 1.56 1.07 
Thioacetamide.| Aceto-thioamide CH; -CS-NH2 75.13 75 1.00 .68 
Thioglycolic . ” 
ee _ | HS -CH:-COOH 92.11 64 0.69 0.47 
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| TABLE 11.—B.0.D. Removal Data on Activated Sludge Fed with Amino Acids 
u- and Miscellaneous Compounds 
WS 
u- pH Suspended Solids 5-day B.O.D. of 
Initial (p.p.m.) Supernatants (p.p.m.) | Percentage | Percentage 
Cone. of of Theo- | of B.O.D 
ils Com- retical Ini- | Observed 
Compound pound | Sludge Ob- Ob- tial 5-day After 
Is Fed Fed in Index Tdi Th served | served B.O.D. Mixing 
: Sludge Ini- | Fi- | Ini- | Fi- | oPfog o> | Imme-| After | Removed | Removed 
T- Liquor tial | nal! tial | nal che Initial diately | 22 to | in 22 to 24 | in 22 to 24 
(p.p.m.) ange | Initial | “4 ¢ter 24 Hours Hours 
Mixing} Hours 
- Glycine........ 720 _ 7.2 | 6.5 |2,196/2,924 728 317 326 42.6 86.6 86.9 
pS a 500 83 6.6 | 6.9 |1,296/1,416 120 370 327 14.0 96.2 95.7 
500 83 6.6 | 6.9 |1,316)}1,452 132 370 310 12.5 96.6 96.0 
of Glutamic Acid.. 500 | 79.8 | 6.8 |6.9|1,504|1,692; 188 | 335 | 275 6.2 98.1 97.7 
r 500 79.8 | 6.8 | 6.9 |1,504|1,736 232 335 300 6.7 98.0 97.8 
us Tyrosine....... 500 53.2 | 6.6 | 5.7 |1,848/1,920 72 575 540 400 30.4 25.9 
“ 500 53.2 | 6.6 | 5.8 |2,072|2,152 80 575 540 398 30.7 26.3 
10 SUID: o05%-010'- 1,000 50.8 | 6.6 | 5.7 |2,876/2,720} —150 500 48 67 86.6 0 
m 1,000 50.8 | 6.6 | 5.6 |2,832/2,580| —252 500 34 46 90.8 0 
rs Peptone™...... 720 _ 7.4 | 6.5 |2,172/2,508 336 504 583 10.0 98.0 98.3 
‘ 720 —_ 7.4 | 7.0 {1,260 504 
er 
Gelstinss. 2.5. 1,025 38.8 | 5.8 | 7.2 |1,396)1,660 264 687 570 128 81.4 77.5 
ot 1,025 38.8 | 5.8 | 7.2 |1,422/1,652 230 687 560 123 82.1 78.0 
d Olive Oil...... 916 49 6.9 | 6.1 |3,372|3,828] 456 95 — = — = 
1e 916 49 6.9 | 6.1 |3,260/3,700 440 95 _ _ —_ — 
1e ee PET ae 1,000 48.4 | 6.9 | 6.7 |2,832|3,108 276 |1,710 408 49 97.1 88.0 
) 1,000 48.4 | 6.9 | 6.5 |2,832/3,168 336 |1,710 420 19.5 98.9 95.4 
. Mineral Oil... . 1,000 39.3 | 7.1 | 5.5 |3,036/3,184 268 8.2 _ —_ _ _ 
o, 1,000 39.3 | 7.1 | 5.5 |2,916/3,136 220 8.2 _ — _ _ 
d Acetonitrile. ... 490 61.0 | 7.0 | 6.7 |2,516/2,516 0 524 20.5 17.0 96.7 gs | 
it 490 61.0 | 7.0 | 6.7 |2,548)2,564 16 524 15.5 21.0 96.0 0 
Thioacetamide . 1,000 76.0 | 6.9 | 6.7 |1,768}1,848 80 680 0 0 100 0 
nN 1,000 | 76.0 | 6.9 | 6.7 |1,768]1,856 88 | 680 0 0 100 0 
e eG Pa 
Thioglycolic 
r 7 ee 662 78.8 | 6.8 | 6.4 |1,764/1,736 —28 311 0 0 100 0 
: 662 78.8 | 6.8 | 6.4 eens iba —60 311 0 100 0 
IS 
Vy * Pure culture sludge used. ** Castile soap assumed to be sodium oleate in calculating theoretical B.O.D. 





id per cent of the theoretical initial 
5-day B.O.D. is adsorbed and not de- 
tectable in the substrate immediately 
after mixing. B.O.D. data for aceton- 
itrile, thioacetamide and thioglycolic 
acid are illustrative of the toxic nature 
of these substances which inhibits their 
removal from solution biochemically. 
With the exception of cystine, the 
amino acids are quite readily oxidized, 
comparing in magnitude of oxidation 
more closely to the carbohydrates than 
with the organic acids and alcohols. 
Cystine is quite different, however. Of 
the two trials made, one shows no in- 
crease in oxygen consumption due to 
the cystine added and the other, while 
showing a slight increase of 1.5 per 
eent at 1 and 3 hours, diminished to 


0.75 per cent at 5 hours and none at 
22 to 24 hours. Obviously little, if any, 
oxidation occurs. 

With tyrosine oxidation proceeds 
very slowly to the 5th hour, but at 22 
to 24 hours about 12 to 13 per cent of 
the tyrosine that has been removed 
from solution is oxidized. Gelatin ex- 
hibits a similar slow oxidation until the 
5th hour and then an appreciable in- 
crease to 22 to 34 per cent in 22 to 24 
hours. The more heterogeneous ma- 
terials, peptone and meat extract, are 
apparently more easily and completely 
oxidized. 

Two oils were used as test materials: 
olive oil and mineral oil, S.A.E. 30. 
Strict interpretations are difficult be- 
cause of lack of satisfactory ultimate 
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TABLE 12.—Oxidation of Amino Acids, Proteins and Miscellaneous Compounds 
by Activated Sludge 




















y | Mg. of O2 Used in Indi- Per Cent of Theoretical 
Quantity Suantty Mg. of Oz | cated Time (hours) as a Ultimate Satisfied in 
Material of Ma- Tiasd an Used in 24 | Result of Material Fed Indicated Time 
Fed — Experi- pine “f | cE 

ingen) ment Sludge 22 to 22 t 

(p.p.m.) 3 5 24 1 3 5 ag 

Glycine 720 | 2,884 46.9 14.8 | 47.4 | 66.1 |269 3.2 |10.3 114.3 58.4 
720 | 2,316 76.0 11.2 | 34.7 | 48.3 |194.3 | 2.4 | 7.5 |10.5 42.2 
"Fae 768 55.5 0 13.5 | 29.3 |237.1 | 0 2.9 | 6.4 51.5 


*| 720 600 32.9 {12.3} 49.5] 90 270.7) 2.7 |10.7 19.5 58.7 


Alanine 500 | 1,296 63.6 0 13.2 | 25.8 |183.4 | 0 2.45 | 4.78} 33.95 
500 | 1,316 63.6 4.1} 32.1 | 42.1 |209.0 | 0.76 | 5.95] 7.80] 38.70 


Glutamic 500 | 1,504 98.9 5.1} 21.7} 46.6 |103.1 | 1.04 | 4.43] 9.52] 21.50 
Acid 500 | 1,504 98.9 {16.6} 24.0) 33.8 |152.7 | 3.39 | 4.90] 6.90] 31.15 
Tyrosine 500 | 1,848 59.7 0 3.2 | 13.6 |114.4 | 0 0.38 | 1.62] 13.61 
500 | 2,072 59.7 0 0 0 |103 0 0 0 12.27 
Cystine 1,000 | 2,876 155.4 0 0 0 0 0 0 0 
1,000 | 2,832 155.4 11.1] 11.5] 5.5 1.52 | 1.58 | 0.75 0 
Peptone 720 | 3,308 |56.1 (5 hrs.)/45.9 132.7 |213.2| — | 6.2 {17.9 |28.7 — 
*| 720 | 1,260 15.8 ‘we 150.2 |227.5 |376.5 | 6.5 |20.3 |30.7 50.8 ** 
Meat Extract*| 720 | 1,260 15.8 [47.2 | 93.9 |149.8 |171.2 |14.36 |28.58 |45.59 | 52.10** 
720 | 3,308 150.8 [59.7 |131.4 |259.2 |495.7 |18.17 |39.99 |78.88 | 150.85** 
Gelatin 1,025 | 1,396 110.8 0 — 0 |227.7) 0 — |0 22.60** 
1,025 | 1,424 110.8 0 — 3.2 [342.1 | 0 — | 0.31] 33.95** 
Olive Oil 916 | 3,372 199 0 0 16.8 | 94 0 0 LSy) 41338"* 
916 | 3,260 199 1.0} 10.0} 26.9} 60.2] 0.7 | 7.06 |19.01 | 42.55** 
Soap 1,000 | 2,832 205.4 0 23.0 | 47.2 | 50.8] 0 1.08 | 2.22 2.38** 
1,000 | 2,832 205.4 27.1 | 73.1 |124.8 |191.6 | 1.27] 3.42 | 5.82 8.96** 


Mineral Oil 1,000 | 3,036 243.2 0 0 0.8 | 16.5) 0 0 6.66 | 137.5** 
1,000 | 2,916 243.2 0 3.8] 2.2} 138.1] 0 31.4 |18.33 | 109.2** 











Acetonitrile 490 | 2,516 147.7 0 0 0 0 0 0 0 0 
490 | 2,548 117.7 0 0 0 0 0 0 0 0 

Thioacet- 1,000 | 1,768 72 6.5] 0 0 — | 0.65] 0 0 
amide 1,000 | 1,948 72 —_ 0 0 0 — |0 0 

Thioglycolic 662 | 1,764 142.5 /20.5] 20.4] 9.8] 0 4.48 | 4.46] 2.14 0 
Acid 662 | 1,808 142.5 17.4} 20.1} 9.2] 0 3.82 | 4.39 | 2.01 0 

Potassium 480 | 2,600 107.5 0 0 0 0 — = = 
Cyanide 

Urea 1,200 | 2,316 76.0 0.2] 1.9] 3.5] 11. Theoretically, hydrolysis 





+ 





3 
720 768 72.6 11.7 | B3a| 22) 17.1 and not oxidation occurs. 
*| 720 600 32.9 231 231 22 | | 
* Pure culture sludge. 


** Ultimate demand computed from actual B.O.D. determinations obtained. 
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demand figures. Certain conclusions 
may be drawn, however. Oxidation 
does oceur in a 22- to 24-hour period. 
This oxidation is of rather small mag- 
nitude to the 3rd hour and it appears 
that a lag phase is involved. 

Soap, which would be normally pres- 
ent as a constituent of sewage, is not 
too readily oxidized in the low con- 
centrations employed for test purposes. 
Despite the fact that reference to 
Table 11 indicates a removal from solu- 
tion of 97 to 99 per cent of the B.O.D. 
due to the added soap in 22 to 24 hours, 
only 2.38 per cent is oxidized in one 
experiment and 8.96 per cent in an- 
other. 

Urea is apparently simply hydro- 
lized, resulting in the production of 
free amonia which accumulates to raise 
the pH. It does not measurably in- 
crease the carbonaceous demands or the 
oxygen utilization on non-nitrifying 
sludges. 

A number of compounds, aceto- 
nitrile, thioacetamide and potassium 
cyanide, show no increase in oxygen 
utilization. Thioglycolie acid initially 
shows a small increase in the oxygen 
used, 3 to 4 per cent, but this soon de- 
clines to about 2 per cent at five hours 
and to none at all at 22 to 24 hours. 
These latter compounds are all appar- 
ently detrimental to the activated 
sludge. 


Discussion 


Wastes vary greatly in composition 
and intensity. Any or even a majority 
of the materials considered in this 
paper might be found as constituents 
of any given waste. From even the 
most casual inspection of the data 
given, it will be evident that complex 
relationships must be at work in the 
catabolism of organic matter by acti- 
vated sludge. Certainly the nature of 
the organic material used is a limiting 
factor in that it controls extent and 
manner of utilization. Some materi- 
als, of course, especially those contain- 
ing SH, CHO, or CN groups are defi- 
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nitely detrimental. This is true also 
of various metallic ions not considered 
here. 

The various organic materials may 
be classified according to chemical na- 
ture, and generalities made from these 


divisions. However, great variability 
will be evident even within these 
classes. Activated sludge responds 


quite differently to methyl than to 
ethyl alcohol, for example. Probably 
the greatest similarity is evidenced by 
the carbohydrates. L-xylose in some 
respects is quite dissimilar to the other 
carbohydrates studied, with respect to 
its behavior in an activated sludge sys- 
tem and also in its ability to stimulate 
the growth of Sphaerotilus natans. 

Another determining factor is, of 
course, the sludge itself. We are deal- 
ing with living things when we use 
activated sludge and though we can 
formulate certain rules and be assured 
that they will hold true in most cases, 
we cannot always be certain of that 
strict and complete adherence that is 
found in a distinctly chemical reaction. 

Variations will appear and, although 
this is at times undesirable, it also has 
its beneficial aspects. It certainly adds 
to the versatility of the sludge so that 
it will attack and utilize a complex va- 
riety of materials. If it initially is 
unable to do so to any great extent in 
many cases, and more particularly so 
with carbohydrates, it will adjust itself 
to do so. This adjustment itself may 
be undesirable, in part, as witness the 
large increase in solids with carbohy- 
drates, but essentially it is desirable, 
increasing the rates of removal and the 
consequent capacity of an activated 
sludge for removing carbohydrates 
from solution in shorter time inter- 
vals. The ability to predict its occur- 
rence should make it controllable. 

It is impossible to say from the data 
accumulated for this paper just what 
does happen, whether a_ selective 
change in organisms, or an enzymatic 
reaction or both occurs. The rapidity 
of the acclimatization suggests the for- 
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mation of adaptive enzymes. For 
practical purposes, however, mere 


knowledge of the phenomena should 
suffice. 

In the case of dextrin, the carbohy- 
drate receiving the most detailed 
study, this adaptive mechanism in- 
creases the percentage of B.O.D. re- 
moval in a 3-hour period from approxi- 
mately 40 per cent to about 80 per 
cent, producing at the same time, how- 
ever, nearly three times as great a 
solids inerease. This increase will 
oceur anyway, of course, with equiva- 
lent decreases in substrate B.O.D. In 
other words, equivalent amounts of 
dextrin utilized, regardless of time, 
should produce the same amount of 
sludge solids. 

It has been repeatedly demonstrated 
that the presence of carbohydrates in 
the substrate feed leads to a transient 
deposition of material within the cell 
(7). However, this maximum increase 
in solids with an acclimated sludge 
occurs at intervals somewhat compar- 
able to the detention periods used in 
practice, falling off slightly thereafter. 
It should be noted that acclimatization 
of activated sludge in the presence of 
sufficient earbohydrate material is un- 
avoidable. With an _ unacclimated 
sludge, this maximum increase will not 
occur until the 24th hour is ap- 
proached. 

Ease of removal of B.O.D. from so- 
lution is more likely a function of the 
individual compound than of the class 
to which it belongs and, of course, is 
dependent incidentally on the charac- 
teristics of the sludge used. This 





removal is accomplished by several 
procedures—adsorption, oxidation, as- 
similation and synthesis—all occur- 


ring concurrently but varying in pro- 
portion with the time interval and the 
substrate material. 

Each grouping of the compounds 
studied shows some with a B.O.D. re- 
moval amounting to 90 per cent or 
better in 22 to 24 hours. But there are 
deviations from this in each group. 
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With carbohydates it is l-xylose. It is 
true that it has been shown that 
adaptive precedures make _ 1-xylose 


metabolism comparable to that of the 
other carbohydrates, but initially it is 
different. With organic acids, oxalic 
acid and calcium gluconate show lesser 
removal; with alcohols it is methyl 
aleohol and ethylene glycol; with 
amino acids, tyrosine. Neither does 
rate of B.O.D. removal indicate infalli- 
bly to what extent oxidation may 
occur. The rate of oxidation is sub- 
ject to great variations and each ma- 
terial is attacked in a different way. 
This has been observed on numerous 
occasions using specific organisms and 
amino acids, organic acids, alcohols 
and carbohydrates as substrates (8). 

Although activated sludge consists 
of a tremendously varied flora and 
fauna and is capable of directional 
development in various ways under 
the stimulus of specific substrates, the 
necessary factors may not be initially 
present in quantity. Whether it 
means selective development of spe- 
cific strains of organisms, or produc- 
tion of certain enzymes, a lag phase 
may ensue with definite substrates. 
This is particularly true of certain or- 
ganic and amino acids and the oils. 
Since it frequently amounts to 5 or 
more hours and is longer than ordinary 
detention periods, it is of significance. 
This undoubtedly accounts for some 
of the results with pure culture 
zoogleal sludges which do not attack 
ethylene glycol at all, and which show 
a trend to slow rates of oxidation dur- 
ing the first 3 to 5 hours with organic 
acids. 


Summary 


Data pertaining to the removal from 
solution, oxidation, and conversion to 
protoplasm by activated sludge, of 36 
pure organic substances are presented. 
The materials used represent a wide 
range of compounds, namely, sugars, 
alcohols, aldehydes, organic acids, 
amino acids, and miscellaneous com- 
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pounds. The data presented are de- 
signed to show the response of acti- 
vated sludge to these materials under 
average conditions, and not necessarily 
to determine the criteria of optimum 
utilization. 

Ease of removal of B.O.D. from so- 
lution is shown to be more likely a 
function of the individual compound 
than of the class to which it belongs 
and, of course, is dependent inciden- 
tally on the characteristics of the 
sludge used. This removal is accom- 
plished by several procedures—ad- 
sorption, oxidation, assimilation and 
synthesis—all occurring concurrently 
but varying in proportion with the 
time interval and the substrate ma- 
terial. 

Certain pertinent facts concerning 
the behavior of carbohydrates when 
introduced into an activated sludge 
system are demonstrated. There is an 
immediate adsorption of carbohydrate 
varying from 4.7 per cent with I-xy- 
lose, glucose and lactose to 30 to 80 
per cent for dextrin and starch. It is 
shown also that the 5-day B.O.D. re- 
moved from solution in 24 hours is in 
excess of 90 per cent with all carbohy- 
drates tested with the exception of 
l-xylose. The data presented indicate, 
additionally, that activated sludge can 
be acclimated to all carbohydrates 
studied and that this procedure will 
inerease the over-all removal of 1-xy- 
lose from solution, in 24 hours, from 
50 to 60 per cent to about 98 per cent. 
It is further demonstrated that only a 
very small portion of these materials, 
which are so rapidly removed from 
solution, is oxidized. 

Using the complex carbohydate, 
dextrin, a comprehensive study of the 
effects of acclimatization was made by 
determining the partition characteris- 
tics of the dextrin between the super- 
natant, sludge and the unrecoverable 
carbohydrate which had been com- 
pletely utilized. 

The ability of all carbohydrates 
studied, with the exception of 1-xylose, 
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to promote growth of the filamentous 
organism Sphaerotilus natans is dem- 
onstrated. 

The alcohols, amino acids and or- 
ganic acids studied are shown to be 
quite readily removed from solution, 
with the exception of methyl alcohol, 
tyrosine and oxalic acid. All of these 
compounds are capable of being oxi- 
dized by activated sludge although to 
varying degree. Oxidation takes place 
readily with all amino acids studied 
with the exception of cystine, with 
which no oxidation occurs. Matcvials 
such as peptones and meat extract are 
shown to be more completely and 
easily oxidized, while soaps and oils 
are oxidized to only a minor extent. 
Certain compounds, especially those 
containing the groupings HS and CN, 
are not oxidized and are detrimental 
to sludge, while compounds such as 
urea are simply hydrolyzed. 

Eliminating from consideration 
those compounds in each class that 
were not readily attacked by activated 
sludge, the data indicate the following 
veneral principle. After 24 hours of 
aeration with activated sludge from 
90 to 99 per cent of the compound will 
be removed from solution and disposed 
of as follows for the following classes : 





Per Cent Per Cent 

Oxidized Converted to 

Class | Protoplasm 

| | (Organized 

| Range | Mean| Sludge) 

Carbohydrate | 5 to 25) 138 65 to 85 
Aleohol...... 24 to 38) 30 52 to 66 
Amino Acid. .| 22 to 58) 42 32 to 68 
Organic Acid .| 30 to 80) 50 10 to 60 











In other words, in general, organic 
acids produce the smallest yield of ac- 
tivated sludge and carbohydrates the 
largest, with the alcohols and amino 
acids intermediate in sludge produc- 
tion. This explained why there is 
such a stimulation in sludge produc- 
tion when large quantities of carbo- 
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hydrate wastes are added to sewage 
being treated by the activated sludge 
process. 

It is demonstrated also that normal 
activated sludge, when subjected to an 
increase of carbohydrate feed, will be- 
come quickly acclimated and, because 
of adsorption and assimilation at rapid 
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rates, will produce enormous quantities 
of sludge with a low ash content. This 
factor should constitute an important 
consideration in the design of plants 
where this condition is likely to occur 
due to seasonal discharges of cannery 
wastes, corn or sugar products or simi- 
lar materials. 
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GROUND GARBAGE—ITS EFFECT UPON THE SEWER 
SYSTEM AND SEWAGE TREATMENT PLANT * 


By S. L. ToumMan 


Manager of Sales, Sanitary Engineering Division, The Jeffrey Manufacturing Company, 
Columbus, Ohio 


The purpose of this paper is to re- 
view the records, as far as possible, of 
sewage treatment plants in actual 
operation where all the garbage, except 
that collected by private scavengers, is 
eround and treated with the sewage 
solids at the plant. It is high time that 
such an appraisal was made. If the re- 
cord is good, the engineering profes- 
sion should know it, and if it is bad, 
this likewise should be known and the 
idea of dual disposal discouraged in 
future designs. 

Eleven years have elapsed since the 
first large garbage grinding experi- 
ment was undertaken at Indianapolis, 
Indiana. Since many basic data were 
collected at that test, the writer must 
refer to this work in undertaking an- 
other review of this interesting subject. 
Unfortunately, at no plant where gar- 
bage is now being ground have deter- 
minations been made regarding the 
various constituents of the garbage, as 
was done at Indianapolis, and there- 
fore, in making various calculations, 
it has been necessary to use Indianapo- 
lis figures (1). 


Household Grinders 

Several methods may be used for 
grinding of waste food products for 
introducing into the sewer system. One 
is by means of the home grinder, at- 
tached to the sink in each house, where 
the wastes are ground as produced, and 
flushed out to the street sewer via the 
regular household drain. One unit for 
this use is the General Electric ‘‘Dis- 
posall,’’ described by Cohn (2) as 
follows: 

* Presented at 20th Annual Meeting, Penn- 
sylvania Sewage Works Assn., State College, 
Pa., August 28-30, 1946. 
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“The Disposall consists of a shredding 
compartment of about 3 qt. capacity and a 
Y, HP motor which shreds the material 
into a uniform, finely shredded pulp, to a 
size that will flow through clearances of 
under %¢ in. . 

“Water for grinding is supplied from 
the sink faucet, thus providing a system 
free from cross connections. The unit 
switch is actuated by placing the cover on 
the grinder opening in the sink and turn- 
ing the handle to the ‘on’ position. The 
unit runs only when the cover is safely 
locked in place. 

“Tn ordinary use, for grinding all kinds 
of food wastes, including bones but not in- 
ert materials such as glass, crockery, etce., 
the Disposall operates approximately one 
minute per capita per day. Extended 
minute-counter readings in one home indi- 
cate a per capita operation period of less 
than one-half minute per day. 

“Thus, the water use for grinding at a 
rate of 114 to 2 g.p.m. is between 1 and 2 
gallons per capita per day. This figure is 
important to remember when analyzing the 
effect of food waste grinding on sewage 
flow, on sewer loadings and on _ plant 
volumes.” 

Take for example a city of 100,000 
people with 314 persons per family, 
and assume that this city is completely 
equipped with Disposalls. Assume 
further that the garbage amounts to 
0.5 lb. per capita per day with a total 
solids content of 25 per cent and that 
the average sewage flow is 10 m.g.d. 
The number of grinders would be 
28,600 and the flow of pulped garbage 
would be about 0.15 m.g.d., or an in- 
erease of 1.50 per cent in sewage 
volume. 

In regard to effect of this material 
on the house and city sewers, Cohn has 
this to say: ‘‘It is the consensus of 
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opinion that house grinders produce 
no stoppage in drain lines. In fact, 
the bulk of testimony is that former 
sluggish drains are no longer sluggish, 
due to the high speed scouring action 
of the home grinder unit.’’ 

At Schenectady, New York, where 
some 400 to 500 Disposalls are in use, 
the city inspector of plumbing reports 
no stoppage from home grinder units. 


Central Grinding Stations 


Garbage may also be introduced to 
the public sewers at central grinding 
stations located at strategic. spots on 
the city’s sewer system. Under the 
conditions of the hypothetical prob- 
lem, it is found that the total increased 
flow of pulped garbage from central 
grinding stations is 25 (tons of gar- 
bage) X 700 (gal. per ton)= 17,500 
g.p.d. which represents an increase of 
0.18 per cent in the sewage flow. This 
volume is so small as to be negligible 
in the design of sewers. 

As to the effect of the ground gar- 
bage on the sewer system, there need 
be no fear of stoppage occurring from 
this material. Combined sewers are 
designed for minimum velocities of ap- 
proximately 3 ft. per sec., and since 
the grinding stations would be located 
only on the larger sewers, the velocities 
and the volume of flow would be suf- 
ficient to prevent stranding of solids. 
Local conditions should always be stud- 
ied, but with a proper site chosen to 
insure a sufficient velocity and volume 
of flow in the receiving sewer, a grinder 
selected to allow only garbage solids 
of a certain maximum size to be dis- 
charged into the sewer, and by control 
of the feed to the grinder to keep out 
heavy non-organic matter, there can 
be certainty that no sewer stoppages 
will result. Garbage grit, amounting 
to approximately 40 lb. per ton of gar- 
bage, must be waterborne to the treat- 
ment plant (unless it is removed by 
special apparatus), but since the size 
of particles will be smaller and their 
specific gravity lower than the largest 
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and heaviest particles of sand and 
gravel now carried by sewers, there 
should be no undue alarm because of 
the addition of a smaller amount of 
lighter and more easily transportable 
garbage grit. Garbage grit will prob- 
ably not exceed 1.0 cu. ft. per mg. 
where garbage is added to the sewage 
at a rate of 1.0 ton per m.g. 

If garbage is discharged into com- 
bined sewers, there may be some over- 
flow of this material during storms at 
the controls to the interceptor, but 
since this will occur only during 
storms, when dilution is high, it is not 
believed that the additional pollution 
of the watercourse will be appreciable. 

Grinding stations can be of very 
simple design, where small tonnages 
are ground, or quite elaborate where 
large tonnages are expected. The sta- 
tion shown in Figure 1 shows a grinder 
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FIGURE 
with manual feed to grinder. 


1.—Garbage grinding station 


built directly over a sewer, above which 
is a receiving floor and building. Gar- 
bage is dumped from trucks directly 
onto the floor and is fed to the grinder 
manually by an operator with a rake, 
who pushes the garbage through a 
swinging trap door into an enclosure 
directly over the grinder. The opera- 
tor picks out large bones, tin cans, 
glass bottles, or other large inorganic 
items, before grinding. These are 
placed in cans to be hauled away later 
to the refuse dump. 

For larger stations, the design shown 
in Figure 2 is recommended. Here 
the garbage is dumped into a pit hold- 
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FIGURE 2.—Garbage grinding station with mechanical feed to grinder. 


ing several tons of garbage. This pit 
is equipped with a conveyor designed 
to feed the grinder uniformly. Just 
before the conveyor discharges into the 
erinder, a horizontal portion of the 
feeder serves as a picking table where 
an operator is stationed to pick off any 
material which should not pass to the 
orinder. 

If removal of grit seems desirable, 
the layout shown in Figure 3 is recom- 
mended. The grinder can either be 
fed by hand or by mechanical means 
and the ground pulp dropped into a 
washer which will separate the grit 
from the organic matter and allow the 
vround garbage to overflow directly to 
the sewer. The garbage grit passes to 
the boot of the dewatering elevator 
which is a part of the washer, where it 
is automatically picked up and ele- 
vated to the grinding floor. This ma- 
terial will be disposed of along with the 
nongrindable material picked out of 
the raw garbage. 
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Garbage grinding stations properly 
designed should not be objectionable. 
Exterior architecture should harmo- 
nize with the neighborhood, grounds 
should be landscaped to present a 
pleasing appearance, and doors and 
windows should be_ tight. Garbage 
should be dumped and ground only 
when doors and windows are closed. 
Fans should constantly exhaust the in- 
side of the building and the air be put 
through activated carbon containers, 
ozone, or any other means of purifying 
the air. These two methods are now in 
use in some sewage treatment plants. 
Another possibility of odor control 
would be to pass the exhaust air 
through a furnace where temperatures 
of 1,200° F. are maintained, before 
passing to a stack. If sufficient 
thought is given to the design of these 
stations, it the writer’s belief that they 
ean be located any place in the city. 
True, these features will cost money, 
but it is believed that the overall eco- 
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FIGURE 3.—Garbage grinding station with mechanical feed to grinder and with Jigrit 
washer for removal of grit. 
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nomic savings will far outweigh the 
added costs. 

The principal advantage in grind- 
ing garbage at central stations is an 
economic one. Garbage added to the 
sewage at these stations is waterborne 
to the sewage plant and every mile 
saved by this means of transportation 
means that much saved in haulage 
costs. For example, a study at In- 
dianapolis in 1935 showed that for 
every mile saved in hauling of one ton 
of garbage there was a saving of $0.20. 
If, for example, in the hypothetical 
city of 100,000 people, two central sta- 
tions could be built, resulting in a sav- 
ing in haul per day of 2 miles to each 
station, this would result in an annual 
saving of $3,650, or mean a reduction 
of $0.40 per ton in the cost of disposal 
of garbage. 

There may b* other savings in col 
lection costs, such as the rerouting: of 
trucks to the grinding station, but 
these cannot be determined until care- 
ful engineering studies of this phase 
of the problem have been made. An- 
other advantage, especially in the 
larger cities, is that of levelling out the 
organic load at the sewage plant. The 
ereater the distance from the plant to 
the grinding station, the more this will 
be true. For still further levelling out 
of this load, collection of garbage and 
erinding of same could be done at 
night. If this material is added so as 
to arrive at the plant at time of low 
flow and strength, it could be made to 
produce sewage of much more uniform 
strength than, as a rule, prevails to- 
day. This would be of considerable 
advantage, as any operator knows that 
many headaches could be eliminated if 


he could handle sewage of uniform 
strength 24 hours a day. This does 
not imply that addition of ground 


varbage will give a sewage of com- 
pletely uniform strength, but it could 
be made to lessen the valleys in 
strength that now occur in the early 
morning hours at most plants. 
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Garbage Grinding at the Sewage 
Treatment Plant 

If garbage is ground at the treat- 
ment plant, it can either be added to 
the raw sewage directly ahead of the 
grit channels, or it ean be ground and 
added directly to the digesters. If the 
former is used, garbage grit will be 
removed by the grit channel at the 
plant, but if garbage is added directly 
to the digesters, in general, it is be- 
lieved that facilities should be pro- 
vided for first removing the garbage 
grit. This can be accomplished by 
several means: (1) by passing the 
garbage mixture through an ordinary 
erit channel with enough water so that 
its solids content will not be more than 
4 or 5 per cent; (2) by providing a 
garbage pit equipped with air agita- 
tion, to which the garbage is added 
with enough water to bring its solids 
content down to approximately 5 per 
cent and, after agitation with air for 
a few minutes, pumping the top liquor 
to the digester and the material in the 
bottom of the pit to the plant grit 
chamber; (3) by passing the mixture 
through a grit washer as shown in Fig- 
ure 3, with the overflow passing to a 
wet well from which the slurry is 
pumped to the digesters. 

An example of the second method is 
the garbage pit at Marion, Indiana, 
built in May, 1943 (4). The well of 
about 4,000 gal. effective capacity was 
made by partitioning off a portion of 
the wet well in the sewage pumping 
station. The well can store about 4 
tons of green garbage with a 5 per cent 
solids content. As the pH of ground 
garbage drops rapidly, especially in 
the summer, lime is added to the pit 
for pl{ control unless the garbage is 
promptly pumped to the digester. 

At Findlay, Ohio, all of the garbage 
is added directly to the’ raw sewage, 
and therefore the garbage grit settles 
in the plant detritor. Grit per million 
gallons of sewage before garbage was 
added averaged 1.5 cu. ft., and since 
grinding 2.7 cu. ft. This indicates that 
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the garbage grit equals 1.3 cu. ft. per 
m.g. of sewage when garbage additions 
are at a rate of 1.1 tons per mg. of 
sewage. This increase is assumed at 
being entirely from garbage, while 
other factors may actually have ac- 
counted for part of it. 

At Marion, Indiana, the reason for 
changing to direct addition of garbage 
to the digesters was a belief that this 
would result in pumping of less sludge 
to the digesters and probably give less 
supernatant solids from the digesters 
to the plant influent. The record be- 
fore and since this change was made is 
given in Table 1. Excluding the period 


TABLE 1.—Record of Raw Sludge To and 
Supernatant From Sludge Digestion 
Tanks at Marion, Indiana 


| Raw Sludge} a 
re oatore | aallons of 
|G arbage | to Dig sters Supernatant 





| Added in Gallons 
| to Sew- per 100 = 
Period agein | P.P.M. of | per Million 
| Tons per | Suspended ih Gallons ‘ 
Million | — Solids | of Rae. 
Gallons in Raw “petaaessad 
Sewage | Sewage 
September, 1940 | None 4, 100 7,220 
to June, 1941 } 
June, 1941 to ; 1.0* 2,300 2,980 
Septet mber, 1941 
September, 1941 O.8* 3,190 7,900 
to September, 1942} 
| - « > 
September, 1942 0.6* 3,010 13,800 
re May, 3 
Average | 0.8 2,810 | 7,700 
May, 1943 to | 1.0** 3,515 | 10,350 
January, 1944 
i944 0.7% | 2,325 | 2,260 
1945 0.7** 2,630 1,070 
Average | Os | 2,360 | 4,000 


* Garbage added directly to raw sewage. 
* Garbage added directly to digesters but 
waste sludge figures include garbage. 


of September, 1940 to June, 1941, when 
the plant was starting up, the gallons 
of waste sludge per 100 p.p.m. of sus- 
pended solids in the raw sewage are 
found to be about the same whether 
garbage solids are discharged to the 
primary tanks or whether they go di- 
rectly to the digesters. Certainly these 
records indicate no advantage in pump- 
ing of garbage solids directly to the 


digesters. The supernatant appears to 
have been reduced considerably by di- 
rect addition to the digesters, but this 
was caused by a method of plant opera- 
tion whereby during this period large 
quantities of dilute sludge were hauled 
out and applied to nearby farms as 
liquid fertilizer, thus reducing the su- 
pernatant returned to the head of the 
plant. During this period some of the 
monthly records show zero gallons of 
supernatant, as the quantities of with- 
drawn sludge and supernatant were 
equal. 

The plants at Findlay, Ohio, from 
January, 1939 to date, and at Marion, 
Indiana, from September, 1940 to May, 
1943, are typical examples of garbage 
addition ahead of the plant, while 
since May, 1943 the garbage at Marion 
has been pumped directly to the diges- 
ters after first passing through an air- 
agitated holding tank. 


Calculated Increases in Strength of 
Sewage from Ground Garbage 
The increase in streneth of raw sew- 
age from garbage is, of course, depend- 
ent upon the pounds added and the 
nature of the garbage solids. In this 
there appears to be a great divergence 
of opinion and far too little actual data 
upon which to make reliable estimates. 
At Indianapolis, after trying many 
methods of sampling raw garbage, the 
one which gave dependable results 
showed that the garbage contained 17.5 
per cent solids. Some writers have used 
20, 25, and even 30 per cent. More 
agreement is found on the pounds of 
garbage per capita per day. The cus- 
tomary figure is 0.5 lb. per day, al- 
though this figure may be only 50 per 
cent of the annual average during 
winter months, and 100 per cent higher 
during the late summer and early fall 
months.- This figure of 0.5 Ib. per 
capita should be used only in the ab- 
sence of local information, because in 
some places this is known to be low 
and in other places it is too high. 
Attention is called to the fact that 
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TABLE 2.—Increases in Strength of Raw Sewage Due to Addition of Garbage of 
Varying Total Solids Content but with Garbage Added at a Constant Rate 








Solids in Green Garbage (%) | a7 20.0 25.0 | 30.0 
Garbage, Total Solids (lb./cap./day) | 0.088 0.100 0.125 0.150 
Garbage, Suspended Solids (lb./cap./day) | 0.065 | 0.074 . 0.093 | 9.111 
Garbage, B.O.D. (Ib./cap./day) 0.038 | 0.043 | 0.055 | ().065 
Tons of Garbage per M.G. Sewage 2.50 | 2.50 | 2.50 2.50 
Increase in Sewage Suspended Solids (%) | 32.5 | 387.0 | 46.5 | 55.5 
Increase in Sewage B.O.D. (%) | 22.4 | 25.3 | 32.4 | ~we2 





garbage suspended solids will never be of garbage estimated at 0.5 lb. per cap- 
as high as the garbage total solids. ita per day. Varying total solids con- 
Green garbage contains both grit and tents of garbage are given, together 
soluble solids. Grit is removed in the with rates of addition in tons per mil- 
plant grit chambers and many of the _ lion gallons of sewage. Raw sewage 
soluble solids are absorbed by the sew- flow is assumed to be 100 gal. per cap 
age and therefore the remainder, or ita per day and suspended solids 0.20 
suspended solids, must be less than the Jb. and B.O.D. 0.17 Ib. per capita. 
garbage total solids. This was clearly Calculations from Indianapolis data 
demonstrated at Indianapolis, where show that garbage suspended solids 
the total garbage solids and suspended equal 74 per cent of the total garbage 
solids were shown to be 350 and 260 _ solids, and B.O.D. equals 58.5 per cent 
lb. per ton of green garbage, respec- of suspended solids. 


tively. Backmeyer’s results (3) at This table indicates the need of more 
Marion, Indiana for the past three information on the total solids content 
years confirm this latter figure. of the green garbage before accurate 


The greater the distance from the estimates can be made on increases in 
plant that garbage is ground, the less sewage strength from garbage addi- 
will be the suspended solids arriving tions. The table indicates, however, 
at the plant, due to leaching out of that if garbage solids and B.O.D. are 
soluble garbage solids by the flowing removed in primary settling to the 
sewage. Furthermore, it should be re- same degree that sewage solids are re- 
membered that the increase in soluble moved, the plant unit which will need 
solids will result in an increase in to be enlarged considerably will be the 
B.O.D at the plant. The increase in digester, and secondary processes a 
such solids and B.O.D. will not be smaller amount. 


alarmingly great, however, as Table 2 Table 3 shows the increase in strength 
will show. of raw sewage in p.p.m. and per cent 


Table 2 shows the increase in strength increase due to the addition of garbage 
of raw sewage caused by the addition of a given total solids content added 


TABLE 3.—Increases in Strength of Raw Sewage Due to Addition of Garbage 
of Constant Total Solids Content Applied at Varying Rates 





Suspended Solids (p.p.m. B.O.D. (p.p.m.) 


Garbage —_ 





tons/m.g.) : x oat. : ’ 
Po tl Garbage Total in ‘is cc. Garbage Total — 

0 250 0 250 0.0 200 0 | 200 0.0 

1 | 250 31 | 281 12.5 200 18 | 218 =| 9.0 

2 250 62 312 25.0 200 | 36 | 226.1 18.0 


3 250 93 343 37.5 200 54 | 254 27.0 
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to the sewage at varying rates, based 
upon Indianapolis figures of garbage 
suspended solids at 260 lb. per ton of 
green garbage and B.O.D. at 152 lb. 
per ton. The total solids in garbage is 
assumed to be 17.5 per cent. (If the 
total solids of the garbage are higher 
or lower, the garbage suspended solids 
and B.O.D. will be in direct propor- 
tion. ) 

This table illustrates how increases 
from garbage may be calculated. If 
one knows the strength of the raw sew- 
age, the garbage total solids, and the 
rate at which garbage is added, he can 
readily determine the strength of the 
mixture. 


The Effect Upon Primary Treatment 
at Indianapolis 


At Indianapolis, during the grind- 
ing test June 3 to December 14, 1935, 
the raw sewage, including the ground 
garbage, contained 382 p.p.m. of sus- 
pended solids and 273 p.p.m. of B.O.D. 
Corresponding per capita per day fig- 
ures were 0.39 and 0.28. During this 
period the total garbage ground was 
17,256 tons and the average addition 
of garbage to sewage was 2.0 tons per 
m.g., assuming the garbage to have 
been added uniformly over each 24 
hours. During this period the actual in- 
creases in suspended solids and B.O.D. 
in the raw sewage were 13 and 15 per 
cent respectively. The inerease in 
strength in laboratory settled sewage 
to which garbage had been added after 
30 minutes of settling was 3 per cent 
in suspended solids and 11 per cent in 
B.O.D. These data indicate that gar- 
bage solids and B.O.D. are removed 
more rapidly by primary settling than 
are sewage constituents. These in- 
creases would have been higher had 
the raw sewage been weaker, or a more 
normal sewage. Actual increases dur- 
ing the time garbage was ground each 
day were 27 per cent in suspended 
solids and 34 per cent in B.O.D. in the 
raw sewage, and 6.3 per cent in sus- 
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pended solids and 25 per cent in B.O.D. 
in laboratory settled sewage. During 
this time garbage was ground for 10 
hours per day and garbage was added 
to the sewage at a rate of 4.8 tons per 
m.g. of raw sewage. 


Primary Treatment at Findlay, Ohio 


The plant at Findlay, Ohio has been 
in operation since 1933. It was de- 
signed by Jones and Henry, Consult- 
ing Engineers, of Toledo, Ohio. De- 
signed to serve an ultimate population 
of 35,000, the original plant consisted 
of primary treatment with separate 
sludge digestion and sand drying beds. 
During 1938, secondary treatment by 
activated sludge was added, and at the 
same time a garbage grinder was in- 
stalled. At the time of the plant addi- 
tions the digestion capacity was not 
changed, but one gas engine was added 
to use digester gas. 

Garbage is ground at the plant and 
introduced into the raw sewage ahead 
of the detritors and primary tanks. 
The garbage is ground once or twice a 
day, usually once on the day shift and 
once on the night shift. Each grind- 
ing operation takes from 15 to 30 min- 
utes. Lime is usually sprinkled on the 
garbage before grinding, for odor and 
pH control. 

Excess activated sludge is returned 
to the head of the plant, usually on 
the early night shift. Supernatant 
from the digester was returned to the 
head of the plant until 1940 when, due 
to its high solids content only 52 per 
cent was returned. In 1941 only 39 
per cent was returned and since that 
time all the supernatant has been 
lagooned. 

A study of the performance of the 
primary tanks at this plant is interest- 
ing, as this is one place where a com- 
parison can be made with and without 
garbage. At the time activated sludge 
treatment was started, garbage was 
added to the sewage, but this does not 
appear to have produced unfavorable 
results except as the excess sludge and 
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TABLE 4.—Primary Tank Performance at Findlay, Ohio Before Garbage 
Grinding and Secondary Treatment 

















| | Suspended Solids | B.O.D. 
. Flow Detention | } = 
Period | 
(m.g.d.) | Oe.) | Raw | Effi. | Rem. Raw Eff. Rem. 
| | (p.p.m.) | (p.p.m.) (%) (p.p.m.) (p.p.m.) %) 
a = = eet ee oe ee 
1933 18 | 43 | 159 | 78 | 510 152 120 | 212 
1934 17 | 45 | 19 | 95 | 5138 | 192 135 29.7 
1935 13 | 59 | 204 91 | 554 | 172 126 26.8 
1936 | 20 | 38 | 180 82 54.5 | 179 126 29.6 
1937 os | ss | 2 70 | 49.3 132 96 27.3 
1938 2.4 ‘ | 156 72 | «53.8 | 174 133 22.6 
Average 18 | 43 | 172 81 | 53.0 | 167 | 123 | 25.4 
| | | 




















garbage contributed to the overloading 
of the digester. 

Table 4 is a record of primary tank 
performance prior to garbage grinding 
and secondary treatment, while Table 
5 gives results afterwards. In Table 
5, the raw sewage suspended solids, in- 
eluding garbage, are calculated from 
waste sludge data plus solids lost in the 
final effluent. B.O.D. in raw sewage 
has been calculated on the basis that 
1 p.p.m. suspended solids is equivalent 
to 0.97 p.p.m. of B.O.D. (the 1933 and 
1935 average). It has been necessary 


to use this complicated method of eal- 
culation, as the annual figures in the 
Findlay reports on raw sewage sus- 
pended solids and B.O.D. are unrelia- 
ble, due to an apparent sampling error. 
It is believed, however, that the raw 
sewage figures thus arrived at are much 
nearer the true figures than those in 
the annual report. Garbage is very 
difficult material to sample and it is 
easy to visualize how a few rather large 
particles of garbage in a raw sewage 
sample could introduce errors of 100 
per cent or more. 


TABLE 5.—Primary Tank Performance at Findlay, Ohio After Garbage 
































. Flow | Detention | Rice el | Raw Raw 
Period (m.g.d.) | (br.) | ee 9 | = sf. | Rem. pet mm | Rem 
| gan | (p.m) | (%) Garb.** (p-p.m.) | (%) 
| (p.p.m.) | | (p.p.m.) | 
1939 2.4 S2 } 21 | 292 | 103 | 648 284 167 41.2 
1940 24 | ob. 1.] | 225 | 90 | 60.0 218 139 36.2 
1941 22 | 35 1.3 | 208 113 | 45.7 202 | 172 14.9 
1942 2.3 3.3 | Ll 175 90 | 48.6 170 | 121 28.8 
1943 2.1 3.6 | O8 | 163 75 | 5A0 158 125 20.9 
1944 2.1 3.6 | 0.5 184 92 | 650.0 179 160 10.6 
1945 2.0 | 38 | O07 | 211 98 | 53.5 205 147 28.3 
1939-45 | | | 
Average 2.2 | 3.5 1.] 208 | 94 | 54.8 202 147 27.2 
a . 
1942-45 | | 
Average 2.1 | 3.6 | O08 | 183 88 51.8 178 138 22.5 








* Calculated from waste sludge plus solids in final effluent. 


** Calculated on basis of 1 p.p.m. of suspended solids = 0.97 p.p.m. of B.O.D. (1933-1938 


average). 
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Table 4 shows that before garbage 
erinding and secondary treatment, the 
removals in primary settling for six 
years, with a 4.3-hr. detention period, 
averaged 53.0 per cent of suspended 
solids and 25.4 pe. cent of B.O.D. 
Table 5 shows that the average removal 
for seven years since garbage grinding 
and secondary treatment, with a deten- 
tion period. of 3.5 hrs., was 54.8 per 
cent of suspended solids and 27.2 per 
cent of B.O.D. From 1939 to 1941 
trouble has been experienced with high 
solids in the supernatant from the di- 
gester and it is believed that this ac- 
counts for the high solids and B.O.D. 
in the primary effluent. Since 1941 all 
supernatant has been lagooned. Ex- 
eluding the years 1939-41 from the 
averages, the period removal is 51.8 
per cent for suspended solids and 22.5 
per cent for B.O.D. These removals 
are only slightly lower than those for 
1933-1935, and are in line with the 
lower detention period. 

tesults in 1944 and 1945 were un- 
satisfactory due to a lack of operating 
personnel and, at times, to such a de- 
ficiency of digester and lagoon capaci- 
ties that sludge was allowed to accum- 
ulate in the primary tanks until they 
were, in effect, digesters. During these 
periods the solids and B.O.D. in the 
primary effluent were excessively high. 
The increase in raw sewage solids and 
B.0O.D were 6.2 and 6.2 per cent, re- 
spectively, over the 1933-1938 period 
average when no garbage was added, 
while increases in the effluent in sus- 
pended solids and B.O.D. were 8.7 and 
12.2 per cent respectively. The dif- 
ferences are assumed to be from gar- 
bage added at a rate of 0.8 tons per 
m.g. of sewage. 

Note further that the averages for 
1942 and 1943, when garbage was 
being added at a rate of 1.0 ton per 
m.g., showed an increase in the final 
effluent of 3 p.p.m. of suspended solids, 
but no inerease in B.O.D., over the 
1933-1938 period. This was a period 
when the primary tanks were not re- 
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ceiving a high solids supernatant, as 
was the case in 1939-41, or bothered by 
other operating troubles as previously 
described in 1944 and 1945. 

The average of results for these two 
years shows that garbage suspended 
solids and B.O.D. are removed more 
readily by primary settling than are 
sewage solids alone, and that the ulti- 
mate effect on secondary treatment will 
be almost negligible. 


Primary Settling at Marion, Indiana 


Marion, Ind. is served by a dual dis- 
posal plant where part of the time the 
garbage has been added directly to the 
sewage and part time directly to the 
digesters. Designed by Consoer, Town- 
send and Quinlan of Chicago to serve a 
population of 40,000, it is now operat- 
ing at about 75 per cent of capacity. 
The plant is of the activated sludge 
type with separate sludge digestion. 
A Jeffrey grinder is provided for 
erinding the green garbage. This 
plant, like the one at Findlay, Ohio, is 
subject to quite severe loads at times 
from canneries and packing houses. 

Table 6 gives primary settling re- 
sults at Marion. The first period (Sep- 
tember, 1940 to June, 1941) was with- 
out garbage, as was the third period 
(May, 1943 to January 1, 1946). The 
second period (June, 1941 to May, 
1943) was with garbage added ahead 
of the primary tanks. Weighted aver- 
ages for the first and third periods 
considered together show removals in 
suspended solids and B.O.D. to be 50.2 
and 32.1 per cent, respectively, with a 
detention period of 1.9 hours. Re- 
movals in the second period, with a 
2.1-hr. detention and with garbage 
added at a rate of 0.9 ton per mg. of 
sewage, were 62.3 per cent of suspended 
solids and 42.7 per cent of B.O.D. 
These differences in removals cannot 
be accounted for by difference‘ in 
strength of the raw sewage, and it 
would appear that during the second 
period ground garbage had a flocculat- 
ing effect that helped give greater re- 
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TABLE 6.—Primary Tank Performance at Marion, Ind.* 
| Suspended Solids (p.p.m.) B.O.D. (p.p.m.) 
Tons 
Period —, | —— Garbage | | | ne 
m.g-d.) |  (hr,) er =| Raw | Gar- | To-'| pa |Rem.| R@8¥ | Gar- | To- | Rem 
M.G. | — ~_ tal | EA. | (ef) onl baget | tal | EA. | ez} 
9-40 to j Ea | 
6-41 2.3 | 3.1 | None | 262 | 0 | 262 | 140 | 46.5} 252 | 0 | 252] 157 | 38.5 
a aS a= " a ee a ee ) acme maa heen . 
6-41 to | | a | me ee | | | 
9-41 34 | 21 | 20 | 342] 31 | 373 | 104 | 72.0} 222 | 17 | 240 140 | 41.3 
| | | | | 
9-41 to | | | | a 
9-42 34 | 21 | 08 | 299] 26 | 325 | 182] 59.3) 240 | 14 | 254) 152 | 40.1 
9-42 t | | | | ; | | | | 
‘ O | | | | 
5-43 37 | 19 | 0.6 | 248 | 20 | 268 | 99 | 63.0 | 19s | 11 | 209| 112 | 46.3 
average| 3.5 | 2.1 | 0.9 | 286 25 | 311 | 17 ea 992 | 14 4 | 236 | 135 | 42 
5-43 to | | | | | | mm 
1-44 3.8 | 1.9 | 0.0 | 221 | ane 22 di 50.1) 145 | None | 145 | 98 | 82.5 
1944 43.) 17 | 0.0 | 229 | None 229 | 107 | 53. 2| 172 | None} 172 | 30.7 
1945 | 4.8 | 1.5 | 0.0 | 214 None [214 | 105] 50.8 | 183 | None | 183 | 131 | 28.4 
ae (Ss ee ce | a aa a. ccillaaeageal i= ae 
a as (ee 
Average| 4.4 | 16 | 0.0 | 222 | None | 222 107 | 51 1.9| 169 None | 169 | 118 | 30.2 
| | 














*From June, 1941 to May 1, 1943 garbage 
garbage has been added directly to digester. 
t Denotes calculated figure: 1 ton of garbage 


of B.O.D. 


movals than would have otherwise been 
the case. To be ultra-conservative, it 
ean be said that garbage suspended 
solids and B.O.D. are removed as read- 
ily as are similar constituents in raw 
sewage. Attention is directed to the 
slight effect at this plant that garbage 
addition at a rate of 0.9 tons per m.g. 
has upon the strength of raw sewage. 


Effect of Ground Garbage Upon Ac- 
tivated Sludge Plant Operation 
Table 7 gives results of activated 

sludge plant operation at Indianapolis, 
Findlay and Marion, with and without 
garbage. Note that in 1935, at Indi- 
anapolis, the removal in B.O.D. in 
pounds per 1,000 cu. ft. of air was al- 
most exactly the same for the period 
with garbage as compared with that 
without garbage. 


added directly to sewage, 


but since May 1, 1948 


equal to 260 lb. of suspended solids and 152 lb. 


for seven 
lower ef- 
at 


the average 
a slightly 
than that 


At Findlay, 
years shows only 
use of air 


ficiency in 
Indianapolis. This was with garbage 


applied at a rate of 1.1 tons per m.g. 
of sewage, as against 2.0 tons per m.g. 
at Indianapolis. The Findlay air effi- 
ciencies are quite good, however, con- 
sidering that these results inelude for 
the most part all months of the year, 
while the Indianapolis results cover 
only summer and autumn months. 

At Marion, disregarding the period 
when the plant was starting up, the 
plant efficiency so far as use of air goes, 
although somewhat lower than at Indi- 
anapolis or Findlay, is practically the 
same whether garbage is present or not. 
From this it is concluded that garbage 
solids are oxidized by activated sludge 
as readily as are sewage solids. 
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Performance of Digesters With and since primary and secondary sludge 
mm Without Garbage and garbage were digested. A com- 
Table 8 gives digester operation data Parison” of these two periods is very 
-— at Findlay and Marion. Attention is ‘™teresting. During the first period 
tem, drawn to the last column, headed ‘‘Di- the digesters operated very well, but 
(%) oester Capacity.’ Populations are cal- during the second period trouble de- 
culated from actual daily pounds of veloped. While the solids in the raw 
8.5 dry solids added to the digesters, di- Sludge dropped only slightly, the solids 
vided by 0.2 (the theoretical pounds in the digested sludge decreased over 
- of solids per person per day). This 90 per cent and a supernatant of high 
" method of figuring is believed better ‘Solids developed that caused trouble 
to show actual loadings than by use of | When returned to the head of the plant. 
0.1 tributary populations, as it takes into A study of the volatiles shows quite 
account solids from all sources and not satisfactory digestion. Gas production 
5.3 from domestic origin only. doubled, but all gas figures are low as 
‘ At Findlay, the first period covers only the gas used in the plant is meas- 
27 from 1935 through 1938, when pri- ured. Digester loading doubled and 
mary sludge only was digested, while digester capacities dropped from 7.7 
5 the second period covers seven years’ to 3.5 cu. ft. per capita. These results 
.7 
TABLE 7.—Performance of Activated Sludge Plants Handling Garbage 
4 ns eee ee aa 
— bcs er 2 Ma ae < ay) G | 
‘ | a | Z B.O.D. B.O.D 
2 Tons : Applied ape ry 
Year Place Period | Garbage Atal: | ‘Air a Fic peng Sludge 
Be} (hr.) vig | 1,000 eu. ft. | Index 
43 a | ee In Out air) 
b 1934 | Indianapolis| June-Dec. | None | 7.2 1.23 |228| 27 | 134 | — 
1935 | Indianapolis} June—Dec. 2.0 | 7.0 1.23 231 | 28 1.35 — 
ee ART Exetel ade 
1939 | Findlay Jan.—Dec. 2 | =. ae 1.09 167 | 15 1.16 — 
1940 | Findlay | June-Nov.| 1.0 | 78 1.00 | 139} 20 | 1.00 82 
n 1941 | Findlay | April-Dee. 2h | 5 Ger | 0.86 172 | 21 1.46 82 
P 1942 | Findlay | Jan.—Dec. 1.2 | 5.5 | 0.69 121 | 21 1.21 151 
1943 | Findlay Jan.—Dec. 08 | 4.8 0.63 125 | 17 1.42 86 
it 1944 | Findlay Jan.—Dee. 0.5 6.2 0.83 | 160] 22 | 1.39 | 122 
e 1945 | Findlay Jan.—-Nov. 0.7 6.2 0.77 147 | 22 1.85 126 
‘ Average 1.1 | 6.3 0.84 | 147] 19 | 1.28 | 108 
z 1941 | Marion Sept., 1940- | 
i June, 1941 0.0 | 7.3 1.33 157 | 16 0.89 76 
é Serbs * | errs a 
: 1941 | Marion June-Sept. LO 6) 6 -&2 1.06 140 | 14 0.99 82 
; 1942 | Marion Sept., 1941- | 
Sept., 1942 0.8 5.1 1.03 152 | 14 PAE 140 
1943 | Marion Sept., 1942- 
] May, 1943 0.6 4.1 0.62 103 9 1.26 40 
Average 0.8 4.6 0.90 | 132] 12 1.12 87 
1943 | Marion May, 1943- 
Jan., 1944} None 4.2 0.62 98 9 1.19 68 
1944 | Marion Jan.—Dec. None 4.2 0.77 119 | 12 1.16 57 
1945 | Marion Jan.—Dec. None 4.0 0.78 131 | 16 1.22 65 
Average 4.1 0.72 116 | 12 1.19 63 
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clearly show a need for increased di- 
gestion capacity to handle the primary, 
excess activated and garbage solids at 
Findlay. 

The low volatiles in the raw and di- 
vested sludges at Marion, as shown in 
Table 8, are due to a diluting effect by 
inorganic solids in the lime sludge from 
the water softening plant, which is 
present in the raw sludge. In analyz- 
ing all sludge samples, oven tempera- 
tures are kept at 1,000° to 1,200° F., 
to keep from volatilizing the CO, pres- 
ent in the lime sludge. Otherwise the 


analyses would indicate abnormally 
high volatile solids in the sewage 


sludge. Supt. Backmeyer believes that 
the volatiles thus measured represent 
the organic volatile solids only. . 
A study of the first period at Marion 
is most interesting, as this period cov- 
ered nine months of plant operation 
when primary and excess activated 
sludge solids were digested without 
earbage. During this period, while 
digestion was satisfactory and the gas 
production high, yet the digesters were 
overloaded and the supernatant from 
them was not satisfactory. Note that 
the loadings were too high and, conse- 
quently, the digestion capacity was too 
low to produce satisfactory results 
even before garbage was added. 
During the second period garbage 
solids were added as primary tank 
sludge, since garbage was added to 
the plant influent, while in the third 
period the garbage solids were sent 
directly to the digesters. During the 
second and third periods garbage 
amounted to 0.9 and 0.8 of a ton per 
mg. of raw sewage, respectively. 
During these two periods digestion was 
quite satisfactory, although not as com- 
plete as during the first period, but 
the quality of the supernatant was un- 
satisfactory. Digestion was least com- 
plete in the third period. Gas produc- 
tion per million gallons of sewage was 
less, but this was due almost entirely 
to larger sewage flows and lower 
strength during these periods. Note 
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the tank loadings and digester capaci- 
ties in these two periods. Since the 
loadings were higher than those in the 
first period, where insufficient diges- 
tion capacity was evident, it is surpris- 
ing that the results with these higher 
loadings were as good as they were. 


Cost of Garbage Disposal at Findlay, 
Ohio 
Table 9 shows the average annual 
operating cost of garbage disposal at 
TABLE 9.—Cost of Garbage Disposal 
at Findlay, Ohio 


Cost per year of pumping garbage 


SOLUS CO GIGESLOl > «6.0.5 <iece esse sessin o's $ 50.00 
Cost of operation of grinder, including 
labor, electric power, and miscella- 
neous supplies (880 tons per year 
BUT O) oe ects ease ens weal 317.00 
Cost per year of miscellaneous main- 
tenance chargeable to garbage 
[0521 | 1 2 ae hee era oe Sane 128.00 
Cost per year of disposal of cans, 
bones, etc. that could not be ground 150.00 
Cost per year of removal of digested 
garbage sludge, estimated at 160 
tons at $1.00 per ton............ 160.00 
Total Expense............. $755.00 
Credit for 1,220,000 cu. ft. of excess 
garbage gas at $0.315 per 1,000 
CU hoes ee ae eases 385.00 
PRCT COS «5.0. -« a'arsie, dnahase ayers $370.00 
Net cost of disposal per ton of green 
SPM Seyi o acd hs et obi Sateen $ 0.42 


Findlay, including all operating costs 
chargeable to garbage and_ taking 
credit for excess garbage gas produced 
from digestion of garbage, after de- 
ducting that required to oxidize the 
garbage B.O.D. in the primary efflu- 
ent. The amount of gas from the di- 
gestion of garbage is assumed to total 
10 cu. ft. per one pound of garbage 
volatile solids added. This is reason- 
able, as the average production during 
garbage grinding was 8.5 cu. ft. per 
pound of volatile, and it is known that 
this figure is low as this includes only 
the used gas and not the total gas. 
Garbage volatile solids are calculated 
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from Indianapolis data which showed 
that one ton of garbage contains 234 
Ib. of dry volatile solids. The total 
average gas production per year from 
880 tons of garbage is 2,060,000 eu. ft. 

During the vears 1942 and 1943 the 

plant operation was not complicated 
by supernatant disposal, and it should 
be noted that the percentage removals 
of B.O.D. were very close to those for 
the 1933-1939 period without garbage 
(Tables 4 and 5) and that the final 
effluents were almost identical. It can 
be said conservatively that garbage 
B.O.D. is removed at the same rate as 
is sewage B.O.D. Since the theoreti- 
eal garbage B.O.D. in raw sewage in 
the second period was 19 p.p.m., it may 
be coneluded that 27.2 per cent was 
removed in the primary tanks, or there 
was 14 p.p.m. in the effluent. This 
checks closely with the 15 p.p.m. differ- 
ence between the settled effluent for 
the period 1942 and 1943 and that for 
the period 1933-1939. The B.O.D. in 
the primary effluent is thus caleulated 
to be 95,000 Ib. per year. 

Air required at 780 cu. ft. per one 
pound of B.O.D. removed is 74,000,000 
eu. ft. per year. If the gas engines 
take 1 cu. ft. of gas for each 100 eu. ft. 
of air compressed, the gas required to 
compress this amount of air is 740,000 
eu. ft., and therefore the excess for 
other plant uses is 1,220,000 cu. ft. per 
year. Gas is valued at $0.315 per 
1.000 cu. ft., a value equivalent to the 
cost of purchased electricity for the 
air compressor at $0.0113 per kw. hr. 


Cost of Garbage Disposal at Marion, 
Indiana 

To introduce this analysis it is neces- 
sary to explain the method of disposal 
of the digested sludge now in use. Up 
to April, 1943, all digested sludge was 
dewatered on a vacuum filter and then 
hauled out with trucks and dumped. 
Since that time, however, all the sludge 
has been taken out as liquid sludge in 
tank trucks and applied to nearby 
farms as liquid fertilizer. Cost of dis- 
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TABLE 10.—Cost of Garbage Disposal at 
Marion, Ind. for Period June, 1941 
to January 1, 1946 


Cost per year of pumping garbage 
sludge to digesters and grit to grit 
channels (including power and 
Gperatang 1HDOr):. 6.052043... .655. $ 585.00 
Cost per year of grinder operation, 
including labor, electricity and 
miscellaneous supplies (4,961 tons 
2) U) Aan aid ge ee a eee 1,490.00 
Cost per year of miscellaneous 
maintenance chargeable to gar- 


cg ol he 450.00 
Cost per year of disposal of material 

that cannot be ground.......... 250.00 
Cost of disposal of 281 dry tons of 

garbage sludge at $2.11 per ton... 595.00 


Total Expense........... $3,370.00 


Credit for 10,140,000 cu. ft. of gar- 
* bage gas at $0.30 per 1,000 cu. ft.. 3,042.00 


Pe hey wean $ 338.00 


Net cost per ton of garbage...... . $ 0.07 
posal of garbage sludge is by this 
method. 

Garbage gas is calculated for the 
second and third periods (Table 6) 
from an assumed figure of 10 ecu. ft. 
per pound of dry volatile garbage sol- 
ids added to the digesters. This is 
believed conservative as the average 
for 1944 and 1945 was 9.2 eu. ft. per 
pound of volatiles and small scale 
garbage digestion tests gave a figure 
of 13.4 eu. ft. per pound. Therefore, 
the total gas production from June, 
1941, to January, 1946, from 4,961 
tons of garbage, is 11,600,000 eu. ft. 
During the second period (Table 6) 
it may be assumed that 57.3 per cent 
of the 14 p.p.m. (or 8 p.p.m.) of garb- 
age B.O.D. passed through the primary 
tanks to be oxidized in the activated 
sludge plant. The total garbage 
B.O.D. for this period was 164,000 Ib. 
Air required to oxidize this garbage 
B.O.D. at 890 eu. ft. per pound of 
B.0O.D. removed is 146,000,000 eu. ft. 
Digester gas required at 1 ecu. ft. of 
gas for each 100 cu. ft. of air is 1,460,- 
000 cu. ft. Therefore, the excess garb- 
age gas to be used for operating other 





947 


00 


00 


00 


D0 


J0 





Vol. 19, No. 3 


plant units is 10,140,000 cu. ft. This 
eas is valued at $0.30 per 1,000 cu. ft., 
as it has about 60 per cent of the 
heating value of purchased gas at 
$0.50 per 1,000 cu. ft. 


Discussion of Costs at Findlay and 
Marion 

The preceding analysis indicates 
that at Marion, where garbage is 
eround at the plant and added directly 
to the digester, the net cost is only 
$0.07 per ton. If all of the garbage 
had been added directly to the digesters 
during the entire period, there would 
actually have been a credit to be used 
for other sewage plant expenses. 

The net cost of garbage disposal at 
Findlay appears to be approximately 
$0.42 per ton. This is due to somewhat 
higher operating costs and due to the 
assumptions that garbage B.O.D. is 
removed in primary settling at the 
same rate as sewage B.O.D. There is 
some evidence in the study of results 
at both Marion and Findlay that this 
is not true, and that the mixture of 
varbage and sewage solids settles faster 
than sewage solids alone. Towever, in 
the absence of proof of this, the as- 
sumptions made previously must 
stand. Even if the costs at Findlay 
are correct, it should be noted that if 
the garbage had been ground two 
miles away from ‘the plant, the net cost 
per ton would have been almost the 
same as the cost at Marion. 


Goshen, New York 


The sewage treatment plant at 
Goshen, N. Y., was designed by Henry 
W. Taylor, Consulting Engineer, of 
New York City. Put into operation 
in 1940, the plant consists of primary 
settling tank, two heated digesters, 
drying beds, and a sand filter for see- 
ondary treatment in the summer 
months only. All of the garbage is 
ground at the plant and sent directly 
to the primary sludge digestion tank. 

Each digester has a capacity of 
6,400 cu. ft. and therefore the digester 
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capacity based upon a present popu- 
lation of 3,000 is 4.3 cu. ft. per capita. 
From May, 1941, to April, 1942, the 
garbage at this plant averaged 0.51 lb. 
per capita per day. The minimum 
month was 67 per cent of the average 
and the maximum month 160 per cent 
of the average. Based upon an aver- 
age flow of sewage of 450,000 g.p.d., 
the average amount of garbage is 1.6 
tons per m.g. Garbage is ground in a 
Jeffrey grinder and dropped into an 
ejector, from which it is blown directly 
to the primary digester. The ejected 
material contains all of the garbage 
solids as well as the so-called garbage 
erit (bottle tops, glass, bones, ete.). 

When the sludge is transferred from 
the primary to the secondary digester, 
it first passes through a manhole before 
entering the ejector. Whenever the 
operator believes it is necessary, he 
places a wire mesh screen at the point 
where the primary digester discharge 
line enters the manhole, and in this 
manner removes the larger inorganic 
solids. This is done occasionally and is 
not a regular routine operation. 

Mr. Taylor believes the removal of 
earbage grit is unnecessary if a blow- 
off head of at least 10 ft. is provided 
at the primary digester sludge draw- 
off line, and if facilities are provided 
between the two digesters for removal 
of the coarser inorganic material. He 
says that up to 1942, during the 
period he supervised the operation of 
this plant, he knows of only one stop- 
page in the draw-off line from the pri- 
mary digester, and this was. easily 
broken up by a hose line lowered to the 
bottom of the sludge riser. 

He states that digestion is very satis- 
factory and that the supernatant is a 
light straw color having a B.O.D. of 
less than 300 p.p.m. and a total solids 
content of approximately 2,000 p.p.m. 
Ninety per cent of the gas produced 
comes from the primary digester, so 
that the second tank is relatively quiet 
for consolidation of the sludge and for 
decantation of the tank liquor, 
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Lansing, Michigan 


The plant at Lansing, Mich., was 
designed by Shoecraft, Drury and Me- 
Namee of Ann Arbor, Mich. The 
plant is of the standard activated type 
with heated digesters for the combined 
primary, excess activated and garbage 
solids, with digested sludge dewatered 
on vacuum filters and then incinerated. 
Engines are provided to operate on 
digester gas. The plant was designed 
to handle an average flow of 9.0 m.g.d. 
Primary tanks were designed for 1.0 
hr. settling, and the activated sludge 
tanks for 5.75 hrs. and the final tanks 
for 2.50 hrs. The four digesters have 
a combined eapacity of 294,000 eu. ft., 
or provide a capacity of 3.7 eu. ft. per 
capita, based upon a population of 
80,000. 

The plant was put in operation in 
1938 and was so seriously overloaded 
by 1942 that it was necessary to dis- 
continue conventional activated sludge 
operation and to resort to plain aera- 
tion without return of any sludge to 
the aerators. The flow is now approxi- 
mately 14 m.g.d. Plant additions are 
now being planned by the consulting 
engineers, based upon an average flow 
of 20 m.g.d. and a population of 125,- 
000. Digester capacity is to be in- 
ereased by 1,088,000 eu. ft., making 
the total 1,382,000 cu. ft. and equiva- 
lent approximately fo 11.0 cu. ft. per 
eapita. Garbage is estimated at 13,500 
Ibs. of dry solids per day, which is 
equivalent to 0.62 lb. of wet garbage 
per capita per day at 17.5 per cent 
solids. 

In the enlarged plant it is proposed 
to discharge the ground garbage into 
two aerated holding pits for separation 
of the garbage grit before sending this 
material to the digesters. The original 
system resulted in some stoppages of 
sludge lines from the digesters, due to 
settling out of garbage grit because of 
low velocities. Installation of larger 
capacity pumps eliminated most of 
this trouble, but the new system 
should eliminate this entirely. 
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The garbage collection system, in- 
eluding the garbage cans, is owned and 
operated by the city. Collections are 
made daily from the business section 
and at least twice a week from the re- 
mainder of the city. When a ean is 
collected a previously cleaned garbage 
ean is left in its place. The filled cans 
are hauled to the sewage treatment 
plant where the garbage is dumped 
on the floor and fed manually to a 
Jeffrey grinder after picking out the 
heavier non-organic matter. The 
eround pulp is discharged into an 
ejector, from which it is blown directly 
to the digesters. For supplying and 
cleaning of cans the city makes an an- 
nual charge of $1.50 per family. The 
cans, after beine unloaded at the 
plant, are put through an automatic 
machine which thoroughly washes, 
sterilizes, and dries them. 

Table 11 gives interesting data on 
varbage for a 4-year period. Note 
that the average for four years shows 
the garbage solids to be 17.5 per cent, 
with a volatile content (on a dry basis) 
of 884 per cent, and that the per 
eapita contributions were 0.66 Ib. per 
day of green garbage. The minimum 
month is 82 per cent of the average 
month and the maximum is 165 per 
cent of the average. For the year 
May, 1944, to May, 1945, the garbage 
total solids were 57 per cent of the 
sewage solids removed in the plant, ex- 
cluding supernatant solids, or 28 per 
cent of the suspended solids in the raw 
sewage. The raw sewage suspended 
solids were 258 p.p.m. while the sus- 
pended solids removed in the plant 
were 127 p.p.m. During this period 
the garbage ground and ejected to the 
digesters amounted to 2.0 tons per 
m.g. of raw sewage. 

Table 12 shows digester performance 
at Lansing. The solids content of the 
sludge passing to the digester, includ- 
ing not only primary and secondary 
solids, but garbage and supernatant 
solids as well, is 9.7 per cent. This is 
reduced to 7.4 per cent in the digested 
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TABLE 12.—Digester Performance at Lansing, Mich. 























| | | Digester Load- | 
Tons Per Cent Solids Voleuile Selids | Per gr dod ng Digester 1,000 
Gar- } = per mon.) oe Cu. Ft 
Month —_ | ei EEE. Soi | | Solids Pan one = a aeer (ou. ft | “oe 
| ~ | oy | i- 2 : 
| M.G | Raw | ee — Raw | Re Super-| gested 7 Vol. eugtin) M.G 
| Sludge*| Sludge | ania eae Sludge | natant} | Solidst | Solidst | 
a tera "| To = i | oe ss ~ | ——| iia, sia = a= = —| ie i 
1944 | | pe bc fe goad ot | 
May | 1.9 | 11.1 | 84 | 8.2 | 70.4 | 64.0 | 66.0 | 35.4] 61 | 49 | 1.1 | 19.0 
June | 1.9 | 10.6 | 8.7 | 8.4 | 69.3 | 61.8 | 66.4] 30.0 | 5.9 | 44 | 14 | 17.6 
July | 2s 9.1 | 84 | 8.1 | 73.7 | 57.6 | 698] 19.7 | 39 | 29 | 1.6 | 15.4 
August | 23 | 9.5| 87 | 68 | 76.1 | 53.8] 78.9] 423 | 52/39] 1.6 | 17.1 
September | 2.9 8.7 | 7.0 | 6.3 | 76.5 | 55.9 | 76.1 | 36.2 | 4.8 26 | 13 | 19.1 
October | 2.1 | 7.8 | 6.7 | 5.4 | 77.0 | 56.9 | 72.4 | 34.5 | AS, | ee: | AS 16.6 
November | 2.0 | 87 | 5.0 77.5 | 60.3 | | 5.7 | 45 | 11 | 18.3 
December | 1.7 | 9.1 5.9 5.2 | 74.8 | 60.3 | 70.6 | 45.8 | 6.5 | 4.9 | 1) 1 175 
— | | | 
1945 | | | 
January | 1.7 | 10.5 | 6.4 | 64 | 701 | 59.6 | 65.0 | 44.5 | 9.1 | 6.4 | 0.7 | a2 
February | 7 | 102 2 | 6.7 | 68.5 | 60.7 | 63.3 | 38.7 7.6 | 5.2 | 0.7 | 17.3 
March . 4 
April | 20 | 11.5 9.4 8.7 | 69.0 | 61.9 | 64.2 | 30.1 | 88 | 6.1 | 0.7 21.8 
Average | 2.0 9.7 | 7.4 7.0 | 73.0 | 59.3 | 69.3 | 42.7 | 6.2 4.5 1.1 17.9 
* Includes garbage. 
t Includes supernatant solids which were returned ahead of plant and settled in primary tanks 
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sludge and 7.0 per cent in the super- 
natant. This informatioa, together 
with the high gas production, indicates 
the tanks are so agitated that the di- 
gested sludge does not have an oppor- 
tunity to consolidate and leave a rela- 
tively clear supernatant zone. 

An examination of the volatile and 
digester loadings indicates insufficient 
digester capacity. Population for cal- 
culating digester capacity in cubie 
feet per capita has been made by in- 
eluding the total weight of dry solids 
per day from all sources (primary, 
secondary, garbage and supernatant) 
passing to the digesters, divided by 
0.2 (pounds of dry solids per capita 
per day). While this method may be 
questioned, it is believed that it best 
indicates capacities now existing under 
present operating conditions. The 
volatiles digested, while not satisfac- 
tory, show surprisingly good results 
under present conditions. The above 
shows clearly that combined primary, 
secondary, and garbage solids, added 


at a rate of 2.0 tous per m.g. of raw 
sewage treated, can be digested satis- 
factorily, but that increased digestion 
space is urgently needed. 


Summary 


In summarizing, it is emphasized 
that the foregoing analysis covers only 
the physical effects of ground garbage 
upon the various plant units, together 
with an analysis of cost of this method 
of garbage disposal. Operation costs 
only are given, and interest and de- 
preciation charges are not ineluded. 
It is that various plant 
units will have to be increased in size 
to take care of the additional garbage 
load, and the added first cost of these 
should be evaluated in comparing this 
method of garbage disposal with other 
means of disposal, so as to arrive at the 
lowest annual capitalized cost. Such 
an analysis is beyond the scope of this 
paper, but such rough calculations as 
have been made indicate that garbage 
digestion and disposal at the sewage 


recognized 
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treatment plant is probably the most 
economical. 

Any city contemplating dual dis- 
posal should insist on green garbage 
only being sent to the garbage grind- 
ing station. This will avoid the costly 
sorting and disposal of the non-grind- 
able material. Such wastes must be 
disposed of in the same manner as are 
ashes, trash, and other rubbish. 

While the trend is toward an in- 
creasing number of home garbage 
erinder installations, a recent study 
made in the East Bay area at San 
Franeiseo, Calif. indicates that only 
30 per cent will be installed by 1970 
and 70 per cent by the year 2000. If 
this is true, the effect of food wastes 
from this source will be of minor im- 
portance at sewage works for the next 
25 years. Since the trend is as indi- 
cated above, however, designing engi- 
neers should recognize it and design 
their plants accordingly. 

The results of primary settling at 
Findlay, Ohio, and Marion, Indiana, 
indicate that garbage solids and 
3.0.D. are removed as readily as are 
similar sewage constituents. To en- 
sure no more solids and B.O.D. passing 
to the secondary processes than would 
have been the ease without the added 
earbage, it will be necessary to provide 
some additional detention time in the 
primary tanks or precede these with 
short period flocculation without the 
addition of ecoagulants. 

It is indicated that garbage B.O.D. 
does not retard the oxidizing ability 
of activated sludge and it is believed 
that this will hold true for either high 
or low rate trickling filters. 

All of the plants studied show that 
garbage solids are as readily digested 
as are sewage solids, and that gas pro- 
duetion is increased in direct propor- 
tion to the amount of garbage volatile 
solids added, but that the resulting 
sludge will be of somewhat lower solids 
content. The results at Goshen indi- 
cate that about 3 eu. ft. per capita of 
digester capacity is ample, for garbage 


added at a rate of 2 tons per m.g. of 
sewage. This capacity is in excess of 
digester capacities normally provided 
for the digestion of sewage solids. 
These studies show that at least two 
digestion tanks should be provided 
even in small plants, so that there is 
one relatively quiet tank for maximum 
consolidation of the sludge and for re- 
moval of a satisfactory supernatant. 
Although these studies show over- 
loaded digesters at all plants except 
Goshen, there is nothine to indicate 
that more digester space would not 
solve the problem at all plants. 

In spite of the operating troubles at 
some of the plants, caused by inade- 
quate digesters, one cannot but be im- 
pressed with the relative ease and 
simplicity with which garbage is now 
handled, and with the lack of ecompli- 
cated machinery that handling of the 
cvarbage involves. 

Also, one is impressed with the 
spirit of the men in charge of these 
plants. They are sure that this method 
is the best and most economical for 
their plants. These pioneers have done 
a fine job, against many operating diffi- 
culties, and they are to be commended 
for proving that dual disposal is feas- 
ible and economical. With this knowl- 
edge it is possible to lighten the load 
of future operators and provide them 
with better plant facilities. 

Grinding stations equipped as out- 
lined earlier in this paper should go 
far toward satisfactorily handling the 
earbage grinding and grit removal 
operations, while provision of adequate 
digester capacity should solve that 
phase of the problem. 

Since the records prove the feasibil- 
ity and economy of dual disposal, it 
seems to the writer that all concerned 
—publie officials, designing engineers, 
and plant superintendents—rather 
than discouraging garbage disposal by 
this means, should advocate it and en- 
courage its adoption. For the public 
official it means an entirely sanitary 
and _ satisfactory solution of this 
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troublesome problem. For the design- 
ing engineer it means a bigger and bet- 
ter plant to design. For the plant 
superintendent it means an additional 
responsibility with increased prob- 
lems, but along with this should go in- 
creased remuneration. 


Conclusions 


The following conclusions and ree- 
ommendations are made where garbage 
is added to the sewage at an average 
daily rate of 2 tons per m.g. of sewage. 


1. Facilities should be provided for 
removal of garbage grit before this ma- 
terial is sent to the digesters. 

2. When garbage is added to the 
raw sewage, the increase in suspended 
solids will be approximately 25 to 35 
per cent, and in B.O.D. 18 to 26 per 
cent, depending upon the solids in the 
raw garbage. 

3. The increase in strength of pri- 
mary settled after 2.0 hours 
settling will be approximately 10 to 14 
per cent in suspended solids and 11 to 
16 per cent in B.O.D. 

4. Garbage matter is 
activated sludge and probably by all 
secondary processes as efficiently as is 


sewage 


oxidized by 
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sewage material; therefore, increased 
plant secondary units must be based 
upon the increased garbage load in the 
primary effluent. 

5. For digestion of primary solids 
and garbage, 5 cu. ft. per capita of 
digester capacity is needed, while the 
capacity for primary and secondary 
sewage solids, plus garbage, should be 
9 eu. ft. 

6. The most economical 
dual disposal appears to be by direct 
addition of garbage to the digesters, 
unless central grinding stations are 
used. 

7. The cost of disposal of garbage at 
the sewage plant will be between $0.10 
and $0.50 per ton. 


means of 
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GROUND GARBAGE—ITS EFFECT ON THE SEWER SYSTEM 
AND SEWAGE TREATMENT PLANT. A DISCUSSION 


By Ben H. Barton 


Chief Operator, Sewage Treatment Plant, Findlay, Ohio 


The dearth of reliable data upon 
what is called ‘‘dual disposal,’’ mean- 
ing the treatment of ground garbage 
solids and liquors as sewage, makes 
Mr. Tolman’s paper a valuable con- 
tribution. His early experimentation 
and plant seale experience in the treat- 
ment of garbage with sewage at the 
Indianapolis plant yielded data that 
have been corroborated in the more re- 
cent installations. The writer believes 
that he has established certain firm 
standards that may be used as a basis 
for design computations. 

In 1941, speaking informally before 
the Michigan Sewage Works Associa- 
tion, the writer gave the opinion that 
‘Digester capacity in a complete treat- 
ment plant where garbage is treated 
with sewage solids should start at ten 
cubic feet per capita.’’ Experience at 
Findlay since that time has revealed 
no reason to modify that contention 
to any considerable degree. The strug- 
ele to handle increasing loads with the 
capacity reported by Mr. Tolman is 
continued in the hope that stage diges- 
tion may some day bring the long 
awaited relief. 

Mr. Tolman’s recommendation of 9 
cu. ft. per capita is only slightly less 
than the minimum capacity suggested 
by the writer. It is understood that 
extensions to the Lansing, Mich. plant 
will raise the digestion capacity to 11 
cu. ft. per capita. The consultants 
who are designing improvements to the 
Findlay plant intend to triple the pres- 
ent digestion capacity, irrespective of 
the outcome of plans to operate a pro- 
posed cannery, which would impose an 
added load. This trend toward more 
liberal capacities in dual disposal 
plants is to be highly commended. 


Whatever physical capacities are es- 
tablished for plant design they should 
in the writer’s opinion, be based upon 
the volatile solids—the organic load 
that is prone to create nuisance if it is 
not stabilized. Garbage should be defi- 
nitely limited to ‘‘food wastes of or- 
ganic nature’’ from plate scrapings 
and food preparation. Commercial 
food wastes should be the problem of 
its producer. This means that the mu- 
nicipality contemplating dual disposal 
should accept the domestic garbage of 
organie nature only, legislating against 
paper and other extraneous matter 
which will not create an obvious nui- 
sance during its natural decomposition. 
The tremendous overload arising from 
ereen corn husks in roasting-ear season 
is a difficult problem in garbage grind- 
ing, but corn husks create no nuisance 
when dried and burned or used as 
compost or silage. Peach and other 
fruit pits are in the same category. It 
is almost impossible to grind feathers. 

Experience with the Jeffrey garbage 
grinder at Findlay has been entirely 
satisfactory, and only one replacement 
of hammers has been necessary in 8 
years. Knives have been used to ad- 
vantage in the corn husk season. 

The odor nuisance which develops 
even during short storage periods 
makes it difficult to level out the gar- 
bage loading peaks. Where the collec- 
tion is under the control of sewage 
works personnel, dispatching of trucks 
could alleviate conditions by eliminat- 
ing the need for appreciable storage. 
Good housekeeping around a grinding 
station will go far to reduce odor nui- 
sance, which will become cumulative. 
Periodic applications of dilute hypo- 
chlorite will deodorize the decks. Once 
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the garbage is ground, whether into 
the sewage stream or enroute to diges- 
tion units, there is no perceptible odor 
from the garbage. 

Detritus matter requires comprehen- 
siye consideration regardless of where 
the ground garbage is applied at the 
sewage treatment plant. Pending 
construction of needed additions at the 
Findlay plant a modification of the 
pneumatic detritor ahead of the regu- 
lar detritor is favored if ground gar- 
bage is induced into the sewage stream 
ahead of the plant. The ultimate plan 
is to introduce the garbage at sludge 
concentration units where the ground 
garbage slurry will be mixed with the 
sewage sludge for conditioning before 
discharge to digestion units. This con- 
ditioning could include concentration, 
neutralization, preheating and, of 
prime importance, removal of extrane- 
ous matter. Any ground garbage re- 
ceived in the sewage flow from either 
remote grinding stations or home 
erinding units would be included in 
the sewage sludge. Thus all garbage 
and sludge would receive precisely the 
same treatment as sewage sludge alone, 
Nothing further remains to prepare a 
sewage treatment plant for dual dis- 
posal beyond supplying the capacities 
that Mr. Tolman very ably sets forth 
in his paper. 

A note of warning is in order. Mr. 
Tolman’s conclusions are predicated 
upon the addition of garbage at the 
rate of 2 tons per m.g. of sewage, the 
normal expectancy. Findlay experi- 
ence has been that 4 tons of garbage 
per m.g. of sewage is the saturation 
point for activated sludge, if success- 
ful operation is to be maintained with- 
out difficulty. Excessive garbage load- 
ing rates will upset an activated sludge 
plant just as will an excessive solids 
and B.O.D. loading. This can happen 
when the operators shove all received 
garbage through the plant during the 
daytime to get rid of it, but if the gar- 
bage loading is added in a sensible and 
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orderly manner and the rate of appli- 
cation kept within reason, no troub|: 
will ensue. Six tons of garbage per 
million gallons of sewage is guaranteed 
to upset activated sludge that has not 
been fortified with an excess of mixed 
liquor suspended sclids in prime con- 
dition. 

The Findlay data set forth by Mr. 
Tolman resulted from expedieney and 
were not according to the preconceived 
notion of the proper way to handle 
earbage. The recently acute manpower 
shortage necessitated disregard of elee- 
tric power demand limitations, and 
made it necessary to grind garbage 
whenever enough accumulated to jus 
tify starting the grinder. This resulted 
in two noticeable improvements: (1) 
the raw sewage samples became more 
representative, and (2) the plant load 
curve smoothed out during the day- 
time. While this method of handling 
varbage has not been in effect long 
enough for evaluation, it is noticeable 
that operation results are better when 
shock loading is minimized. The power 
costs are.not unduly high. 

Mr. Tolman’s data show the Findlay 
cost of disposal of material that can 
not be ground to be three times the 
Marion, Ind. costs (Tables 9 and 10). 
This is due to personnel organization ; 
whereas the Marion garbage is munici- 
pally collected and the Findlay gar- 
bage is collected by private haulers. 
Regulation would reduce this differ- 
ence to the vanishing point. 

It seems desirable to neutralize ex- 
cessive garbage acids. This is done by 
applying 40-mesh quicklime at the 
erinder. Care must be taken to avoid 
an overdose that might slow digestion 
over a long period of lime dosage. 
Forty-mesh quicklime is used because 
it is readily available at a low price in 
the form of screen tailings from the 
preparation of pebble lime. A _ local 
industrial alkaline waste complicates 
the lime dosage rate to a point where 
excessive alkalinity results in turbidity 
in the final tank. Attempts to out- 
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euess the alkaline waste are only fairly 
suecessful, but an alkaline backlog is 
maintained in the secondary process 
to keep an occasional milk waste from 
causing too much trouble. 

While the effluent turbidity is not 
welcome, it is not reflected in either 
suspended solids or B.O.D. values. It 
is believed that activated sludge can 
become inured to either acid or alka- 
line conditions provided they are con- 
stant, but an upset is certain with any 
abrupt change in pH value. No in- 
stance is known where dual disposal 
is practiced in a biological filter plant, 


but it is assumed that it would be de- 
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sirable to maintain a uniform pH value 
in the sewage applied even to these 
rugged units. 

Dual disposal is a most effective 
means of garbage disposal. The cost 
should not approach the sum of the 
costs of separate disposal when both 
are effective and total expenses are ac- 
curately known. Since garbage will 
eventually and inevitably be treated 
with sewage the problem should be ap- 
proached subjectively to provide ade- 
quate structures rather than make- 
shifts. The only actual requisite is ade- 
quate capacity—in sewers, treatment 
plants, operation and administration. 








Stream Pollution 





PROTECTION OF UNDERGROUND WATER FROM 
SEWAGE AND INDUSTRIAL WASTES * 


By ArtTHuR PICKETT 


Deputy County Engineer, Los Angeles County, Los Angeles, Calif. 


In Southern California, and partic- 
ularly in the metropolitan area of Los 
Angeles County, very serious 
water pollution have 
caused by the improper disposal of 
sewage and industrial wastes. Due to 
the rapid development which is taking 
place throughout the area at present, 
it has been necessary to take action to 
protect these water supplies, upon 
which our very existence as a metro- 
politan area depends. 

In all essential respects these prob- 
lems are identical with those of other 
communities throughout California, 
and for that matter the entire United 
States. Consequently, the procedure 
and plan for corrective action may be 
of interest to those affected by similar 


problems. 


some 


problems been 


Description of Region 

Topographically, the 4,000 sq. mi. 
which comprise Los Angeles County 
are divided into three parts. About a 
third of the area is an inland valley. 
This is not considered to be a desert 
area as the climate is generally quite 
pleasant, and much of the land is be- 
ing developed for farming, although 


the rainfall averages only 3 to 4 in. 
per year. 
Another third of the county is 


mountainous with peaks ranging up to 
10,000 ft. above sea level. Rainfall in 
this area is quite heavy and varies ac- 
cording to location and elevation. In 

*Presented before 1946 Annual Conven- 


tion of the California Sewage Works Associa- 
tion, Monterey, California, June 11, 1946. 
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the higher ranges, the average reaches 
30 to 36 in. annually. 

The final third of the county is a 
semi-arid plain which 
eradually from the Pacific Ocean to 
elevations of about 1,000 feet. Rain- 
fall in this area also varies according 
to elevation and location, with aver- 
ages of from 12 to 14 in. annually. 

Metropolitan development of the 
county has been confined almost en- 
tirely to the coastal plain. At the 
present time, more than 3,600,000 per- 
sons, and literally thousands of indus- 
tries of every description are located 
on this plain. There are 44 cities with 
a combined population of almost 
3,000,000, and in addition, there are 
about 100 unincorporated communities 
with a combined population of more 
than 600,000. 

Development of the area is going 
forward at a phenomenal rate in spite 
of material shortages and handicaps 
of almost every description. This de- 
velopment is expected by many to make 
Los Angeles the largest metropolitan 
area in the world within a very short 
time. Adequate natural resources are 
available for such development if they 
are properly protected and conserved. 
The most important of these is water, 
which is available from three sources. 


coastal rises 


Water Supply 


First of all, there is the natural sup- 
ply. More than 500 water companies 
furnish water for domestic and indus- 
trial use of the metropolitan area from 
vells, water tunnels, reservoirs, nat- 
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ural springs, and streams. In addition, 
thousands of industries, ranchers and 
farmers have their own supply, ob- 
tained in most cases from wells drilled 
into the underground basins. 

To help conserve these natural water 
resourees, aS well as to provide needed 
protection against floods, the Los 
Angeles County Flood Control District 
was formed in 1919. The work of this 
district has been particularly effective. 
Dams and reservoirs have been built 
at a cost of $32,000,000, which have a 
storage capacity of 88,000 acre-feet. 
These dams and reservoirs, together 
with appurtenant spreading works, 
are functioning so effectively that vir- 
tually all runoff from the mountains 
and foothill area is now diverted into 
the underground storage basins of the 
coastal plain. 

To augment the natural supply, two 
ereat aqueducts have been constructed. 
The Owens River Aqueduct, completed 
by the city of Los Angeles in 1913, has 
a capacity of 475 ¢.f.s. The Colorado 
River Aqueduct, completed by the 
Metropolitan Water District in 1939, 
has a present capacity of 510 efs., 
which can be readily expanded to sup- 
ply 1,500 the need de- 
velops. 

Los Angeles is located in the semi- 
arid region where dry cycles or periods 
of less than average rainfall frequently 
extend over several years. During 
these periods the natural water supply 
is generally inadequate to meet de- 
mands, and large reserve storage fa- 
cilities are essential. Such storage is 
provided in vast natural underground 
basins or reservoirs located directly 
beneath the cities and communities of 
the coastal plain. 

While the geology of these reser- 
voirs is quite complicated, they are es- 
sentially prehistoric lakes and valleys 
which have been filled with sand and 
gravel, clay and earth, washed down 
from adjacent mountains. As a re- 
sult of many years of research by the 
State Division of Water Resources, the 
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County Flood Control District, and 
other agencies, accurate information 
is available regarding locations and 
characteristics of these great storage 
basins. 

Figure 1 is a map prepared by the 
State Division of Water Resources, 
which shows the boundaries of these 
basins. No one knows exactly the 
water storage capacity which they rep- 
resent, aS water-bearing gravels ex- 
tend to depths of from a few hundred 
feet to as much as 1,000 or 1,500 ft. be- 
low the surface. The state has made 
estimates, however, which reveal that 
a total of 3,689,000 aecre-ft. of water 
are stored in the first 100 ft. of wat >r- 
bearing gravels of those basins located 
within Los Angeles County. 

Comparative analysis will better il- 
lustrate the important part this tre- 
mendous volume of water will play in 
future development of the metropoli- 
tan area. To supply 3,689,000 acre-ft., 
would require the entire flow from 
both the Owens River and the Colo- 
rado River aqueducts for a period of 
four years and nine months, and the 
construction of dams providing 40 
times the storage capacity of all flood 
control reservoirs which have so far 
been built in the county. 

Another comparison can be secured 
on a cost basis. Certain local water 
companies are buying excess water 
from adjacent communities in order 
to meet their requirements during dry 
years. For such water, they must pay 
$30 per acre-ft., over and above the 
cost of pumping or treatment re- 
quired. On such a basis, the water 
stored in the upper 100 ft. of these 
natural reservoirs has a_ potential 
value of more than $110,000,000. 

If such assets were available in the 
form of money, they would be depos- 
ited in banks, every reasonable type of 
protection would be provided, and 
strict regulation and control would be 
maintained over deposits and with- 
drawals. This is not true, however, 
with regard to discharges of sewage 








‘s9oInosay Ja}e/ jO UOISIAIC( 9}k}g BIUJO}eD 94} Jo ASazIn0D Ag = ‘seaie 33e10}S 19}eM PUNOIZIapuN Sulmoys A}UIOIA pue sapasuy soy jo dew— tT AYN 














— ce |e qt ae r. Lee z | « | oe 6z I ae ae cae ie cs L 7Ttec, «<< | =) «| @ ts i a ak a c i ak ac a amt ie el am ck A a ae Na | s mC ie ca 7 
, % —— —— ahi - ; ee a 
se 
a y * » 
é Pere % + 
NOLLVSILS3ANI NISV WLSvOD HLiNOS = ° 
a sunc ‘ sinia ae ~ 
muon 28M wa) § . 7 4 
4 é Y Pen —“s~ 4 
a \ GA. 2 
SL “a> 
oo} .S¥.te { a Wa) “Op 
LV Ane jo 
Bf » » m - °. s 
x ? \ ‘ atin + ee “i hosed _ A = 
| S 
" 
b 
a 









TITWA VNV VINVS XTTWA OONVNES? NYS 
SNISV@ W3aivM GNNOWD 


TUTIWA WRV VINVS 

















awyonnoe o2 


ON3939 








a 
Ott 


= Sy Nee A a TU 2 eG ST ao 7 bt sxe —— us 




















YvYateOr NCSOUTCES. 


_— eS awe Ewewes WS 


Vol. 19, No. 3 


and industrial wastes into these great 
water storage reservoirs which lie di- 
rectly beneath this metropolitan area. 


Wastes Disposal 


Many communities and two cities of 
Los Angeles County are unsewered. 
Liquid wastes from hundreds of thou- 
sands of homes, and from thousands 
of industries, are discharged directly 
into cesspools, septic tanks, and similar 
facilities. In some eases, the effluent 
from these facilities passes through 
several hundred feet of sand and 
eravel before reaching the waters of 
the underground reservoirs. In such 
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areas the only noticeable effect upon 
the water has been a gradual increase 
in the presence of salts, metallic ions, 
and acid radicals. 

In other cases, however, cesspools 
discharge directly into the water of the 
underground basins, and dilution is 
the only safeguard against pollution 
and menace to the public health. 
Most cities are provided with sewer 
systems, but no city or community in 
the area is 100 per cent sewered. 
Sewer systems ‘are, however, being ex- 
tended as rapidly as possible. The 
present coverage has been indicated 
rather clearly in Figure 2. 
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FIGURE 2.—Map of Los Angeles County showing districts having access to sewer 
systems with ocean disposal facilities. 
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As you will see from examination of 
this map, Los Angeles and a number of 
adjacent cities and communities are 
sewered through the Los Angeles city 
system and treatment plant, which has 
an outfall to the Pacific Ocean at 
Hyperion. This system is heavily over- 
loaded, particularly during the winter 
months. For this reason, and also to 
correct beach pollution, and to provide 
capacity for large unsewered sections 
of the city, a new treatment plant and 
relief sewers are being designed. Con- 
struction of these facilities is expected 
to cost approximately $30,000,000. 

Most of the remaining cities 
communities of the coastal plain are 
now served or will be served in the 
near future by facilities of the Los 
Angeles County Sanitation District. 
Existing facilities of this great system 
are more than adequate for present de- 
mands and will be expanded in the 
future to take care of new develop- 
ments. 

Within the past few months, several 
new districts have been formed in the 
eastern portion of the county, and have 
voted bonds for the construction of 
trunk sewers and purchase of outfall 
privileges. These districts include Nos. 
3, 15, 16, and 17. 

The communities affected are: Long 
Beach, Lakewood Village, Bellflower, 
Rosemead, Garvey, Puente, Baldwin 
Park, Arcadia, San Marino, Alhambra, 
South Pasadena, Pasadena, Altadena, 
Sierra Madre, and Monrovia. For con- 
struction of the trunk sewer and pur- 
chase of outfall privileges, $10,529,000 
in bonds were voted. 

In addition, local sewers will have 
to be constructed in most of the unin- 
corporated communities, and in some 
of the cities of these new districts. 
Accurate figures are not available, but 
it is estimated that 1,000 miles of local 
sewers will be required to serve the 
unincorporated communities in the 
various sanitation districts. 

This estimate is based upon the fact 
that the County Engineer is now oper- 


and 


SEWAGE WORKS JOURNAL 


May, 1947 


ating about 700 miles of sewers in 50 
Sewer Maintenance Districts which 
serve 225,000 people, and there are at 
least 350,000 people in the remaining 
unsewered communities. At $20,000 
per mile, these local sewers will cost at 
least $20,000,000. As the unincorpo- 
rated area is developing quite rapidly, 
this total will have to be materially in- 
creased and perhaps doubled before 
the construction program is completed. 

Sewage and industrial wastes col- 
lected by the outfall sewers of the sani- 
tation districts are carried to a joint 
disposal plant near Lomita. Treatment 
consists of primary sedimentation and 
sludge digestion. Sludge is sold for 
fertilizer. Gas collected from the di- 
gesters is used to operate the plant and 
to pump the effluent into the ocean. 

For this purpose, a tunnel has been 
constructed under the San Pedro Hills. 
This tunnel connects with a subterra- 
nean ocean outfall adjacent to White’s 
Point. Through this outfall, the sew- 
age is carried about 1 mile off shore to 
a point where the Pacific Ocean is quite 
deep, and prevailing currents carry 
the effluent away from the rocky coast 
line. By use of diffusers, the effluent 
is quickly dispersed and purified by 
action of the sea water. 

temaining cities of the county which 
have their own separate treatment 
plants, and which will not tie into the 
sanitation district or the Los Angeles 
city system, are San Pedro and Wil- 
mington, Whittier, Azusa, Covina, La 
Verne, Claremont, and Pomona. When 
the present construction program is 
completed, the only cities of the coastal 
plain which will not be sewered are 
West Covina and Glendora. 


Present Pollution Problem 

Unfortunately, existing sewer sys- 
tems with ocean disposal have not 
eliminated prevailing water pollution 
problems for three reasons. First of 
all, many communities and industries 
are so located that connection to the 
sewers is not yet possible. 
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Secondly, in years past it was the 
general policy throughout the area, to 
protect the sewer systems rather than 
the underground water supplies by 
prohibiting discharge into the sewers 
of any industrial wastes which might 
damage the sewers, increase cost of 
maintenance and operation, or affect 
operation of the treatment plants. In 
numerous eases, industries which should 
have pretreated their wastes before dis- 
charge into the sewers have simply put 
down cesspools or leaching pits to get 
rid of the objectionable wastes, and no 
one has considered the resulting effect 
upon water supplies. Many serious 
cases of pollution have resulted, prin- 
cipally from industries having chemical 
wastes, such as strong acids or alkalis. 

A third pollution problem has de- 
veloped from the honest desire of pub- 
lic officials to conserve and reuse water, 
especially from industrial plants. 
Where the quantity of industrial waste 
is great and the capacity of the sewer 
system is limited, it is mandatory to 
follow this practice. In many cases, 
this can safely be done, for almost all 
types of industries have a certain 
amount of water from cooling towers, 
washing operations and similar pro- 
cesses which is virtually uncontami- 
nated. In most cases, however, it is 
diffieult to separate this water from the 
remaining wastes of the plant. 

For example, many food processing 
plants use large quantities of water in 
washing vegetables and fruits as they 
come from the field. In some eases, 
these washing operations employ only 
pure water. In other cases, soda ash 
or borax is used. Such plants fre- 
quently have cooling water from 
blanching operations or waste water 
from skinning and pitting operations. 

To the plant manager and to public 
officials, much of this water may ap- 
pear to be virtually uncontaminated. 
Where disposal facilities are carefully 
operated, this may be the case. Fre- 
quently, however, inspection is relaxed, 
operation grows careless, and the 
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wastes discharged from the plant may 
develop a B.O.D., three times as great 
as that of domestic sewage. Discharge 
of this material onto the land can be 
quite serious. 

Similar conditions may arise at 
paper mills, refrigerating plants, metal 
processing plants, or at any plant 
where large quantities of liquid wastes 
are involved. The most serious prob- 
lems, however, have developed with the 
chemical plants manufacturing plas- 
tics, hormones, weed killers, and simi- 
lar products. 


The ‘‘Montebello Incident’’ 


One such plant has provided an illus- 
tration of chemical pollution which is 
without parallel. This plant caused 
the so-called ‘‘Montebello Incident’’ 
where 11 water wells serving 25,000 
people were put out of commission by 
the industrial wastes from a single 
small plant located 15 miles away. 

This plant was engaged in the manu- 
facture of a weed killer and the quan- 
tity of its wastes was relatively small, 
consisting only of water used to wash 
down the walls and floors of the plant, 
and to clean out the containers in 
which the weed killer was prepared. 
Within three days after the plant 
started operation, the first well was 
affected. Within 17 days all of the 11 
wells were out of operation, some of 
them permanently. Although the plant 
was shut down almost a year ago after 
less than 30 days operation, water in 
the area must still be treated with 
chlorine dioxide before it can be used 
for domestic purposes. 

Fortunately, this pollution was 
quickly discovered. Had is occurred 
during a period of receding water in 
the San Gabriel Basin, it is quite pos- 
sible that the entire area would have 
been affected. One ounce of the respon- 
sible chemical is sufficient to destroy 
2,500,000 gal. of water for domestic 
use, solely because of its toxic effect 
and the medicinal odor which it im- 
parts. 
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One would think that such cases of 
pollution would be rare. Actually, how- 
ever, during the past six months, plans 
for construction of five large new in- 
dustrial plants have required material 
revision in order to prevent similar 
pollution in various sections of the 
county. Two of these plants planned 
to manufacture phenolic resins, and 
to discharge their wastes into adjacent 
stream beds. Two were large plants 
having processes using hexavalent chro- 
mie acids. The owners of these plants 
planned to dump their wastes into 
adjacent river channels directly above 
large underground water storage basins. 

Another case involved a plant which 
will have 1,500 employees and will en- 
gage in the manufacture of a variety 
of products, including detergents. All 
of the wastes from this plant, both 
domestic and industrial, were to be 
discharged into cesspools in an area 
where the depth to well water is less 
than 50 feet. 

Experience in the handling of many 
such cases has demonstrated the need to 
establish certain simple policies and 
procedures essential to the protection of 
water supplies, prevention of nuisance, 
and menace to the public health and 
safety. 


Regulatory Action 


First of all, adequate laws and regu- 
lations must be provided to govern the 
disposal of wastes which cannot or will 
not be discharged into the sewer sys- 
tem. With regard to domestic wastes, 
ample protection exists in provisions 
of the State Health and Safety Code, 
the Subdivision Map Act, and various 
local ordinances and regulations. For- 
tunately, the County Board of Super- 
visors established a _ policy several 
years ago requiring that sewers be in- 
stalled in new subdivisions whenever 
required to meet provisions of the 
state laws or county ordinances. 

In existing subdivisions, property 


owners do not wish to live where con- 


, ditions 


— 


are insanitary, and support 
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action to correct such conditions. Cess- 
pools and septic tanks do not operate 
satisfactorily in a heavily built-up met- 
ropolitan area, regardless of the char- 
acter of the soil. Consequently, prop- 
erty owners sooner or later demand 
relief through the construction of local 
sewers. Such demands develop most 
quickly where the underground water 
tables are high and the health menace 
is consequently greatest. 

With regard to industrial waste dis- 
posal, however, the problem is some- 
what different. Chemical pollution 
can do its damage so quickly that pre- 
ventive legislation and control are es 
sential. The problem is fundamentally 
local or regional in character. Because 
of the thousands of small industries in- 
volved, it would be difficult, if not im- 
possible, for the state health depart- 
ment to take over, under provisions of 
the state law which requires permits in 
Because of the 44 cities, 
as well as other governmental agencies 
affected, it is also difficult to obtain 
uniformity of action at the local level. 

As the first step required to meet 
these problems, amendments to a county 
ordinance were drafted for regulating 
waste disposal from industrial plants. 
These amendments have recently been 
adopted by the Board of Supervisors, 
for control of industries in the unin- 
corporated areas of the county. Under 
the Joint Powers Act, other cities and 
agencies having similar difficulties ean 


all such eases. 


adopt similar legislation and work 
with the county in solving common 
problems. 


The preparation of this ordinance 
has been a very difficult job in which 
many men have taken an active part 
during the past year. Among those 
interested were water company offi- 
cials, representatives of industry, prop- 
erty owners, and the Los Angeles 
Chamber of Commerce, as well as the 
various county departments and other 
governmental agencies which would be 
affected in some manner by the new 
legislation. 








Vol. 19, No. 3 


The multiplicity of ideas and differ- 
ences of opinion in each of these sev- 
eral groups was amazing. Many water 
company officials believed that all in- 
dustrial waste should be discharged 
into the ocean after treatment. Some 
of this group believed that reclamation 
should be practiced and that all waste 
should be discharged onto the land 
after treatment. They felt that such 
treatment should produce an effluent 
meeting all of the standards of the 
fresh water delivered by the water 
company to the plant. 

Some of the industrial group  be- 
lieved that they should be allowed to 
dispose of their wastes in any manner 
which they choose. This is especially 
true of the small plant owners where 
proper disposal would cost money, or 
would require them to employ techni- 
eal experts. 

Fortunately, a large majority of the 
interested industrialists are reasonable 
men who have established their homes 
as well as their industries in this area. 
These men realize that protection of 
the water supplies and prevention of 
public nuisance or menace to public 
safety are of primary importance, and 
they have supported the new legisla- 
tion. 

The Los Angeles Chamber of Com- 
meree, and particularly its Water Pol- 
lution Committee, have also partici- 
pated actively in preparation of the 
new legislation. This group took the 
original draft of the proposed ordi- 
nance as prepared by the County 
Counsel, with the assistance of a com- 
mittee of technical men from the 
various county departments, and dis- 
tributed it among representative in- 
dustries, water companies, and mem- 
bers of the chamber. 

Numerous meetings were held with 
various committees, as well as repre- 
sentatives of special groups affected, 
in order to remove objectionable fea- 
tures and to secure clarity and effec- 
tiveness. In all, five revised drafts 
were prepared and distributed by the 
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chamber before it was presented to the 
Board of Supervisors for adoption. 

Fundamentally, this ordinance is 
concerned with the disposal of sewage 
and industrial waste from industrial 
plants in a manner which will not 
create a nuisance, endanger the public 
health or safety, or pollute the water 
supplies in unincorporated areas of 
Los Angeles County. This must be 
done in a manner which will attract 
industry to the area, rather than to 
drive it elsewhere. 

To do this, provision is made for 
three contacts between county officials 
and industrial plant owners and oper- 
ators. 

First of all, if a new industry plans 
to locate in the area, provision is made 
for consultation with plant officials to 
advise them of waste disposal problems 
and requirements. Secondly, when 
application is made for construction 
of an industrial plant, the County 
TIngineer must inspect the plans, con- 
sult the Health Officer and other de- 
partments and agencies if necessary, 
and certify to the Building Depart- 
ment as to waste disposal require- 
ments. This certificate must be in- 
cluded in the approved building plans 
and, consequently, the builder knows 
in advance what provision he must 
make for disposal of wastes. 

Finally, after the building is com- 
plete, with waste disposal facilities in- 
stalled and in operation, provision is 
made for periodic maintenance inspec- 
tions by the County Health Officer and 
the County Engineer. Such inspee- 
tions are essential if these facilities 
are to be properly maintained, particu- 
larly in the smaller plants. 

While adequate provision is made 
for enforcement of the ordinance, ex- 
perience has shown that almost all 
plant operators will cooperate will- 
ingly if they understand what is 
wanted and why it is necessary. For 
this reason, emphasis has been placed 
on the need for educational work and 
for cooperative effort. Provision has 
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also been made for joint action be- 
tween representatives of industry, 
water companies, public officials, and 
property owners in the establishment 
of standards for disposal of wastes. 
Pollution cannot be _ prevented 
simply by enacting new legislation, 
either at the local, state or national 
levels. Legislation must be backed up 
with adequate technical personnel to 
earry out its provisions. Assistance 
must be secured from the state health 
department, particularly with regard 
to the setting up of uniform standards 
and procedures among the local agen- 
cies involved. The state must also 
enter into the field of research and the 
control of difficult and complicated 
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problems affecting large industries, or 
matters involving more than one juris- 
diction. 

Finally, cooperation must be secured 
from industries, water companies, 
chambers of commerce, and other civic 
organizations, and of the general pub- 
lic. All of these have a definite part 
in the program, particularly as it con- 
cerns the construction of needed sew- 
age works, disposal systems, and other 
facilities required for the safe disposal 
of wastes. Through education, it is 
expected that such cooperation will be 
secured, and that gradually one of the 
most serious problems confronting the 
metropolitan area of Los Angeles 
County will be brought under control. 








Industrial Wastes 





THE INDUSTRIAL WASTE PROBLEM. 
I—PACKINGHOUSE, BREWERY AND BY-PRODUCTS 
COKE WASTES * 


By F. W. MoHLMAN 


Chairman, Committee on Industrial Wastes, Federation of Sewage Works Associations; 
Director of Laboratories, The Sanitary District of Chicago 


The final disposal of industrial 
wastes must be accomplished by proc- 
esses and equipment used in the sewage 
disposal field. No matter how much 
recovery or pretreatment may be ac- 
complished in the factory, there is a 
residual loss which must be diminished 
by some type of sewage disposal equip- 
ment. Therefore the industrial waste 
problem ends as a sewage disposal 
problem and is logically in the field of 
interest of the Sewage Works Federa- 
tion. 

During the war, industry was given 
every consideration by public officials 
with respect to stream pollution, and 
many examples of pollution were al- 
lowed beeause equipment which 
might have reduced such pollution was 
needed more urgently for production 
of war material or supplies. The alco- 
hol industry, whose product was so 
necessary for synthetic rubber and 
smokeless powder, is the outstanding 
example of a war industry whose 
stream polluting potentiality was con- 
doned rather than curbed. Also the 
wastes from manufacture of organic 
chemicals expanded and led to much 
stream pollution that would not be 
overlooked in normal times. Wastes 
from manufacture of phenol, plastics, 
butadiene, furfural, phthalic anhy- 
dride, penicillin, dehydrated fruits 
and vegetables and packinghouses in- 

* A series of special papers by members of 
the FSWA Committee on Industrial Wastes. 
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creased greatly under the ‘stimulus of 
war pressure, and even more normal 
industry stepped up production with 
no corresponding effort to expand 
waste treatment facilities. 

Now, however, the new techniques 
of industry must face the responsibil- 
ity of proper disposal of wastes, and 
this responsibility is being urged by 
nation-wide attention to congressional 
bills, interstate compacts, state water 
boards and municipal ordinances. 
Therefore industry has become quite 
waste conscious and committees, waste 
disposal research groups, plant re- 
search and publicity are being organ- 
ized on a far greater seale than 
heretofore. Technical programs of 
engineering and chemical societies in- 
elude increasing numbers of papers on 
industrial wastes, and representatives 
of industry attend technical meetings 
and present technical papers in increas- 
ing numbers. 

With this trend in progress, the 
FSWA assumes new responsibility to 
recognize and work with such repre- 
sentatives, as noted in the editorial in 
the November, 1946, issue of Tus 
JOURNAL. 

In addition to this recognition, the 
Industrial Wastes Committee of the 
Federation has been authorized to en- 
large its personnel and to make in- 
creasing efforts to obtain papers on 
industrial wastes for the JOURNAL, to 
invite industrial embers into the Fed- 
eration and to emphasize wider ap- 
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preciation of its importance in this 
field. As a start it is planned to in- 
elude in each issue of the JOURNAL 
contributed articles by members of the 
committee on certain phases of indus- 
trial wastes activity. The types of 
wastes to be discussed are as follows: 
packinghouse, brewery, by-products 
coke, petroleum, distillery, alcohol, 
paperboard, pulp, paper, laundry, 
canning, food processing, synthetic 
rubber, tannery, beet sugar, dairy, 
textile, electroplating, copper and 
metals, pickling and chemicals. These 
topics will be discussed by members of 
the committee, which will be enlarged 
with additional personnel. The new 
members so far are Wm. S. Wise of 
Connecticut and Wm. J. O’Connell of 
San Francisco, in addition to Messrs. 
Mohlman, Bloodgood, Gehm and 
Oeming. 

In this first contribution, the status 
of waste production and disposal will 
be discussed for the packinghouse, 
brewery and by-products coke inidus- 
tries. 


Packinghouse Wastes 
originate in 
beginning 


wastes 
departments, 


Packinghouse 
the various 
with stockyvards, then from the killing 
floor, washing the carcass, washing and 
cleaning entrails, paunch manure, 
blood drainage, tankage, evaporators, 
hide drainage, hog hair removal, pick- 
ling, cooking, rendering and general 
eleanup. The stockyards wastes are 
generally far less concentrated than 
those from packinghouses and consist 
largely of manure, urine, straw and 
stormwater. In the packinghouse, wash 
water from the killing floor can be 
highly objectionable, particularly if 
paunches are slit and contents wasted. 
Grease is lost in wash waters, evapora- 
tor feed or entrainment in vapors, 
pickling liquors, cook water, and par- 
ticularly from steam rendering. Dry 
rendering ought to be adopted by all 
houses, and would be if there were no 
premium paid for ‘‘ prime steam lard.’’ 
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No single house operation can equal 
the installation of dry rendering for 
prevention of loss of grease. 

Tankage evaporation can lead to ex- 
cessive loss of nitrogen if of inadequate 
eapacity. Entrainment losses are also 
troublesome when capacity is limited. 

The methods of reducing losses thus 
comprise: efficient grease-skimming 
basins, paunch-manure screens, ample 
evaporating capacity, dry rendering 


and catch basins. Beyond these 
salvage measures, wastes must be 


treated. A well-operated packinghouse 
should not lose more than 0.2 lb. re- 
coverable grease, 29 lb. 5-day B.O.D., 
23 Ib. suspended solids, 3.5 Ib. nitrogen 
and 2.6 Ib. total per ton kill. 
Volume of wastes should not exceed 
4,100 gal. per ton, including all cool- 
ing, refrigerating and wash waters. 

Treatment of packinghouse wastes 
follows the processes common to sew- 
age treatment, inasmuch as there is 
little difference, biologically, between 
the two types of liquors, except that 
packinghouse wastes are fresher, higher 
in grease, with a relatively higher 
ratio of carbon to nitrogen and the 
temperature somewhat higher. 

The largest packinghouse waste prob- 
lem is in Chicago, the center of the in- 
dustry. There wastes with a popula- 
tion equivalent exceeding one million 
are diluted with seven or eight times 
their volume of sewage, and the mix- 
ture treated by activated sludge at the 
Southwest treatment works. No pre- 
treatment is given the wastes except a 
little skimming at the Racine Avenue 
pumping station. In 1945 the acti- 
vated sludge process accomplished 91 
per cent reduction of B.O.D. and 91 
per cent reduction of suspended solids 
of the diluted packinghouse wastes 
(as well as of the sewage and other 
wastes present). Air consumption av- 
eraged 0.76 cu. ft. per gal. or 794 eu. 
ft. per lb. B.O.D. removed. 

At Sioux Falls similar high removals 
of B.O.D. and suspended solids are 
obtained from a much more concen- 


grease 
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trated mixture of packinghouse waste 
and city sewage by a multistage pro- 
cess consisting of primary sedimenta- 
tion, primary backwash high rate fil- 
ters, intermediate settling, final filters, 
settling, and finally, activated sludge. 
The lifting of sludge floc in the final 
settling tanks by liberated nitrogen 
eas has been a problem, but it is largely 
solved by rapid removal of sludge, 
using specially designed Tow-Bro set- 
tling tanks and control of the degree of 
nitrification. 

The use of multistage processes ap- 
pears necessary in order to obtain a 
high degree of treatment with packing- 
house wastes. Primary washable fil- 
ters have also been successful at Mason 
City, West Fargo, South St. Paul and 
Austin. 

Chemical treatment has been ap- 
plied, using zine chloride and lime, 
and now only lime, at the Oscar Mayer 
plant in Madison; chlorine in large 
amounts at Hormel’s in Austin; ferric 
sulfate and sulfuric acid at several of 
Swift’s small plants; ferric chloride 
at Kerber’s in Elgin; ferric sulfate 
and lime at a small plant (Grand 
Rapids) in Michigan, for awhile by 
Armour at Cedar Rapids and Tovrea 
at Pheonix. 

Recovery of sludge from packine- 
house wastes has not been very success- 
ful. The nitrogen content is usually 
lower than that of domestic sewage and 
no use has been discovered for the 
chemically precipitated sludges, al- 
though it was thought for awhile that 
the chlorine precipitated sludge from 
Halvorson’s Process at Austin would 
make good stock feed. However, toxic 
compounds ruined this sludge as feed, 
and there was hardly enough nitrogen 
for a good commercial fertilizer. 

Experience has shown that packing- 
house wastes can be treated most suc- 
cessfully by multistage filters or, if 
wastes are diluted, by activated sludge. 
Chemical treatment increases the sludge 
problem, and the B.O.D. or suspended 
solids reduction are less than those ob- 
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tained by biological methods. How- 
ever, for small plants, chemical precipi- 
tation may be the only feasible process 
because of the expense and difficulty 
of control of biological processes. 

It appears that more pretreatment 
may be used at the packinghouse, and 
equipment is being developed for this 
purpose. Studies and _ installations 
of Vacuators, Pressurators, vibrating 
screens, well-designed grease basins, 
aerated grease skimmers, and special 
equipment for removal of solids are 
being investigated. These measures 
will be of aid in reducing packing- 
house wastes to the minimum strength 
and degree of variation. 


Brewery Wastes 


Brewery wastes are present in al- 
most any city but have not received 
much attention as a waste disposal 
problem. However, wastes from one 
barrel of beer, in a survey of 28 brew- 
eries in Chicago, were. found to be equi- 
valent to a population equivalent of 19 
persons, based on B.O.D., and to rep- 
resent 1.7 lb. suspended solids, 0.13 Ib. 
nitrogen and 320 gal. of waste per day. 
The total U. S. production increased 
from 53.7 million barrels in 1940 to 
87.7 million in 1945, giving a maxi- 
mum B.O.D. equivalent of 5.43 million 
persons. Thus this waste is responsi- 
ble for an appreciable portion of a 
city’s waste load and deserves attention 
as to salvage and treatment methods. 

Salvage of usable products is under 
active development in the brewing in- 
dustry. When the Chicago tests were 
made, in 1937, only one plant had a 
process for recovering grains and none 
had any for recovery of yeast. Now 
erains and yeast are collected from 
practically every brewery and handled 
by central companies which dry the 
materials and sell the product as feed, 
source of vitamins or proteins, or me- 
dicinal products. One company in Chi- 
eago handles one-half million pounds 
(dry) of yeast per year and makes high 
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protein food or high concentrate vita- 
mins from this former waste. Many 
other breweries salvage yeast. The food 
value is surprisingly high, because of 
the high protein content of the dry 
yeast. The minimum human daily 
protein requirement, 70 grams, can be 
bought for 17 cents, at 50 cents per lb. 
dried yeast, as compared with costs of 
an equivalent amount of meat of 44 
cents, beef liver 39 cents, milk 33 cents, 
or eggs 51 cents. 

¢Yeast increases 4 to 1 during fermen- 
tation, thus producing an excess of 
about 0.5 lb. dry yeast per barrel of 
beer. The total U. S. production thus 
available for salvage is around 40 mil- 
lion pounds per year, recovery of which 
would add a valuable food item to the 
nation’s resources. 

Treatment of 
usually accomplished in the city’s sew- 
age treatment works, therefore no spe- 
cial pretreatment is essential, if grains 
and yeast are recovered. When wastes 
must be treated by themselves, chemi- 
eal treatment will reduce B.O.D. only 
50 to 75 per cent and sludge is difficult 
to filter and dispose of. Activated 
sludge treatment is not too successful, 
but trickling filters seem well adopted 
to this waste. A plant with a loading 
of about 1,500 lb. 5-day B.O.D. per 
acre-foot has averaged 92 per cent re- 
moval of B.O.D. and 85 per cent of 
suspended solids on presettled wastes 
at an operating cost of about two cents 
per barrel. 

The brewery waste problem however, 
is largely that of reducing strength 
prior to discharge to sewers, Inasmuch 
as breweries are usually located in 
cities. Therefore the recovery of grains 
and yeast will go far toward abating 
this problem, leaving only wash water, 
press water from grains, and yeast 
residues as sources of pollution. It 
should also be emphasized that brew- 
ery wastes, even without salvage, are 
far less concentrated and a much less 
troublesome problem than other fer- 
mentation wastes, such as those from 


brewery wastes is 
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manufacture of yeast, alcohol, whiskey 
or wine. 


By-products Coke Wastes 


Wastes from by-products coke plants 
have long been in the public eye be- 
cause the tastes have long been in the 
public mouth. Chlor-phenol tastes have 
been a problem for the water works 
chemist, who has largely eliminated 
such tastes with activated carbon, am- 
monia-chlorine treatment, breakpoint 
chlorination, or chlorine dioxide. How- 
ever, in many eases removal of phenol 
from the wastes has been necessary, 
and the first method of doing this has 
been by use of ammonia-still wastes for 
eoke quenching. This has not been 
very satisfactory because of corrosion, 
odors, recondensation of phenol con- 
taining water, and incomplete removal, 
therefore extraction or Koppers plants 
have been required for removal of phe- 
nol. These plants do an excellent job 
of removal of phenol, a modern extrac- 
tion plant at Chicago averaging 97.5 
per cent removal, but the removal of 
».O.D. at this plant was only 77 per 
eent and others in Indiana showed only 
68 per cent. Thus there is a pollution 
problem remaining even after the phe- 
nol is extracted, due to polysulfides, 
carbon and nitrogen compounds. The 
effluent should be treated in a sewage 
treatment plant, as is being done at 
“hicago, thus giving a final 90 per cent 
reduction of B.O.D. when wastes are 
treated in activated sludge plants. 

The reduction of phenol, however, is 
far more important than elimination 
of final B.O.D., therefore advances in 
the technique of extraction of phenol 
are helpful in solving the by-products 
coke waste problem. Such advances 
have been reported by Fischer and 
Gilbert as discoveries in the Ruhr cok- 
ing practice, namely an aeration pro- 
cess and a more efficient extraction 
solvent, ‘‘phenolsolvan,’’ a mixture of 
esters of aliphatic alcohols. Whereas 
100 to 200 per cent by volume of 
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benzol is needed, only 10 per cent of 
the new solvent is sufficient. 

No reports are available as to the 
use of this solvent in working opera- 
tion either in Germany or the U. S., 
therefore further data are necessary to 
determine whether it will supplant 
present solvents. 

By-products coke plants can also lose 
a substantial proportion of the total 
phenol in the final cooler, if it is not 
recirculated and ‘‘bottled-up.’’ There- 
fore this source of phenol should also 
be investigated, in addition to the am- 
monia-still liquor. 

Treatment of by-products coke wastes 
in sewage treatment plants is quite 
successful, if the works are of the com- 
plete treatment biological type, and 
proper loadings are not exceeded. ‘The 
wastes will require some of the air and 
tankage in activated sludge operation 
or a definite number of cubie yards of 
trickling filters, however, and this cost 
must be added to the cost of treating 
sewage. The balance of cost therefore 
controls the choice of method of re- 
moval of phenol. 

Results of six two-week tests of by- 
products coke plants in Chicago gave 
an average loss of 0.91 Ib. phenol per 
ton of dry coal coked, and 1.90 Ib. 5- 
day B.O.D. Another plant, using sol- 
vent extraction, discharged only 0.023 
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lb. phenol and 0.44 Ib. 5-day B.O.D. 
per ton of dry coal coked. 


Discussion 


This rather brief discussion of three 
types of industrial wastes—packing- 
house, brewery and by-products coke— 
includes those which have been sur- 
veyed in Chicago as to processes, sal- 
yage, volumes and losses. The results 
indicate that certain more or less com- 
parable losses occur per unit processed 
or produced, and that these losses may 
be partly reduced by salvage or re- 
covery measures within the plant. 
Therefore industrial chemists should be 
familiar with the methods of measure- 
ment and unit losses developed by the 
sewage chemist, who works from sam- 
ples collected at the sewer outlets. 
Small losses in fractions of a per cent 
look very large to the sewage works 
chemist, who thinks in terms of parts 
per million. One hundred parts per 
million is only one one-hundredth of 
one per cent (0.01%). This looks 
very low as a process loss, but may 
loom large in sewage works operation. 
Therefore, the industrial waste chemist 
and the sewage chemist need to get to- 
gether to supplement each other’s in- 
formation. The Federation of Sewage 
Works Associations is the logical meet- 
ing place. 








VARIOUS APPLICATIONS OF THE AUTOXIDATION 
PROCESS * 


By Dario TRAVAINI 


Superintendent, Sewage Treatment Plant, Phoenix, 


The autoxidation is not a 
new and mysterious, complicated de- 
velopment, for the basic reaction has 
been known for more than 55 years. 
It is a method for the cheap local pro- 
duction of ferrous sulfate, ferric sul- 
fate, and dilute sulfuric acid through 


the simultaneous oxidation of two re- 


process 


ducing agents—sulfur dioxide and 
ferrous sulfate—in the presence of 


finely divided air. This simultaneous 
oxidation was commonly termed auto- 
matie oxidation, from which the name 
is derived. 

and pilot 


‘‘autoxidation process”’ 

Considerable laboratory 
plant research has been conducted in 
during the 
was con- 


Arizona autoxidation 
past 20 The 
ducted mostly by mining organizations 
interested in the leaching of copper 
ores. What deterred full seale instal- 
lations prior to the experiments and 
pilot plant runs conducted at the 
Phoenix sewage treatment plant were 
the facts that the rate of conversion in 
the cells which had been developed was 
low, requiring excessive time to coin- 
plete a run, and that sulfur dioxide 
gas loss might have caused an air pol- 
lution problem with a large installa- 


on 


years. work 


tion. These troublesome factors were 
eliminated at the Phoenix plant in 
1938 through the assistance of Mr. 


Harmon E. Keyes, Consulting Chemi- 
eal and Metallurgical Engineer, who 
was then engaged by the city of Phoe- 
nix to demonstrate and improve the 
autoxidation process for application in 
the municipal sewage treatment plant. 


* Presented at 1946 Annual Meeting, Ari- 
zona Sewage and Water Works Assn., Tuscon, 
Ariz., April 16-17, 
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Ariz. 


Autoxidation Process at Phoenix 


The question, ‘‘Why did the city of 
Phoenix investigate the autoxidation 
process?’’ is often asked. The reason 
is that in 1937 the city was planning a 
large annexation program, and _ the 
flow at the sewage treatment plant 
was approaching the designed ecapac- 
ity at an alarming rate. To meet this 
situation a flow sheet was developed to 
increase the plant capacity to 16 
m.g.d. with the least expenditure. 
The part time use of a coagulant was 
anticipated in the proposed layout and 
the city was after the cheapest coagu- 
lant that it could buy or make that 
would give the desired results. The 
experiments indicated that ferric sul- 
fate applied at the rate of 0.3 grain as 
ferric iron per gal. of Phoenix sewage 
eave average removals of 94.2 per cent 
of suspended solids and 54.0 per cent 
of B.O.D. Comparable experiments 
with 0.8 grain per gal. of alum gave 
average removals of 89.2 per cent of 
suspended solids and 50.9 per cent of 
B.O.D. 

A complete description of the autoxi- 
dation process was published by Keyes 
and Travaini in the August, 1945 issue 
of Water Works and Sewerage, so the 
process conditions will be only briefly 
discussed here. 

As mentioned previously, the au- 
toxidation accomplishes the 
simultaneous oxidation of sulfur diox- 
ide and ferrous sulfate by action of 
finely disseminated air applied under 
specially controlled conditions. Upon 
completion of iron oxidation, sulfuric 
acid may then be produced by continu- 
ing the operation. When desired, man- 
ganese sulfate may be substituted for 


process 
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iron sulfate as a catalyst for acid pro- 
duction. For a detailed presentation 
of acid production by autoxidation, 
reference is made tc an article by 
Keyes in the May, 1946, issue of Chem- 
ical and Metallurgical Engineering. 
The Phoenix plant consists of a Free- 
port pressure sulfur burner, a reaction 
cell of the ‘‘air-diffuser’’ type, and a 
serap iron reaction tank, together with 
necessary pumps, air blower, feeders 
and storage facilities. This plant is 
capable of producing ferrous sulfate 
(copperas) in any strength up to 10 


per cent iron as ferrous iron, also 
ferric sulfate for coagulation in 


strengths up to 8 per cent iron as ferric 
iron, or sulfurie acid up to 15 per cent 
acid with an iron content as low as 
0.2 per cent manganese as low as 0.03 
per cent. With auxiliary equipment 
for absorption of waste gas, acid up to 
30 per cent may be produced. 

Table 1 gives a summary of com- 
plete operating data covering a wide 
range of conditions. In production 
of ferrous sulfate by contacting the 
above ferric solutions with scrap iron, 
the total iron strength is increased 50 
per cent. Ferrous sulfate was readily 
produced up to saturation, or about 
100 em. per liter Fe, when ferric sul- 
fate strength approached about 70 gm. 
per liter. 

The sulfur may be burned under 
pressure and directly introduced into 
the solution as sulfur dioxide of any 
desired strength. When by-product 
sulfur dioxide gas, as from sulfide 
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ore roasting or calcination is used, 
a blower is employed to disperse 
the gas under a solution head of 
1 to 4 feet. Extensive cleaning of the 
gas is not required as the gas is intro- 
duced through perforations in lead 
pipe. Recent improvements in conver- 
sion cell design have enabled reduc- 
tion in SO, submergence to 1% ft. 
without loss of SO,. This implies a 
total pressure at the SO, blower, of not 
to exceed 1 pound. The oxidizing ¢a- 
pacity also has been increased simul- 
taneously with a decrease in pressure 
of oxidizing air. The maximum con- 
version capacity of the cell has not 
been attained to date, due to limita- 
tions of the sulfur burner. 

The air used for oxidation must be 
filtered to prevent clogging of the fine 
tubes used to disseminate the air. The 
small size of the air bubble is an im- 
portant factor in the success of the re- 
action, and at Phoenix Aloxite tubes 
of No. 5 permeability are used. 

Any available type of iron serap 
may be used as a source of iron. Car 
bodies and serap structural iron are 
preferred, as they are less troublesome 
to handle than bailing wire. The more 
‘apid action of ferric sulfate, as com- 
pared to sulfuric acid, makes feasible 
the use of coarse iron scrap, in any 
convenient shape, in the dissolving 
tanks. 


Costs 


A plant to produce 3 tons per 24 
hours of equivalent anhydrous ferric 


TABLE 1.—Summary of Ferric Sulfate Production—Batch Operation at Phoenix 























| Gm. per liter | | | haiti 
: i= | Per Cent Per Cent Oxid. : 
pes — | a | Oxidation Conversion Rate Fe Poy 8 aa 
oe - | Oxidized Acid Fe | SOx (gm./l/hr.) | “Yer” 
| | Fe Produced | barat 
5 | Pilot | 30.4 2.53 | 97.1 99.6 | 9.71 0.614 
378 =| Commercial 26.6 1.8 95.5 99+ | 3.75* 0.529 
1 Pilot 51.6 3.47 | 97.4 97.5 6.11 | 0.725 
1 Commercial | 30.1 0.0 | 99.0 | 99+ — | — 











* Conversion rate in commercial plant was limited by small capacity of sulfur burner and 


by starting individual runs with cold solution. 


‘< 
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sulfate [Feo2(SO,4)3] would cost the 
city of Phoenix under present condi- 
tions approximately $10,000, and the 
daily operating costs for 1946 Phoenix 
eonditions are summarized in Table 2. 


TABLE 2.—Daily Operation Costs of the 
Autoxidation Process at Phoenix 


Labor—3 shifts ($261 per month per 
De AO os his boa wine $26.10 

Sulfur—1,470 lb. @ $0.01155......... 16.98 

Scrap iron—1,670 lb. @ $6.50/ton 


(eromcity Gump)... ........2.6.5% 5.55 
Power—421 kw. hr. @ $0.007........ 2.95 
Plant amortization and repairs........ 6.00 

Zotal per day........... ... $57.58 


The cost per ton of ferric sulfate 
produced in the Phoenix installation 
is $19.19. 

The same plant could produce 6.3 
tons per 24 hours of equivalent ferrous 
sulfate (copperas) FeSO,:7H,O at a 
total cost of $60.35 (adding cost of ad- 
ditional iron required) or $9.58 per ton 
of copperas produced. 

The principal competitive sub- 
stances, now on the market and used in 
the water works, sewage and trade 
waste fields are listed in Table 3 with 
their costs per ton in earload lots, 
F.0.B. Phoenix as of January, 1946. 

The foregoing table indicates that 
the autoxidation process offers ferric 
and ferrous sulfate at a low cost. An 
autoxidation installation is not recom- 
mended, however, for a small town 
where skilled operators are not con- 
tinually on duty. It is very difficult 
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to fix the minimum size of city on a 
population basis where autoxidation is 
applicable, as conditions may vary 
greatly with different localities. 


Applications of Process 


With the foregoing background on 
the autoxidation process the various 
applications of the process are now 
briefly discussed. 


Water Works 


In the water purification field, filter 
plants throughout the country use large 
tonnages of coagulating chemicals to 
remove turbidity, color and a large 
percentage of the bacteria from the 
surface water supplies. The coagu- 
lants generally used are copperas and 
lime, ferric chloride, ferric sulfate, 
chlorinated copperas, alum, sodium 
aluminate and lime. These compounds 
are harmless to the consumers because 
they do not remain in the water, but 
are precipitated as insoluble com- 
pounds and removed by settling and 
filtration. 

It is not the purpose of this discus- 
sion to argue the advantages of iron 
coagulants as compared to alum. It 
will suffice to say that many water fil- 
tration plants are now using copperas, 
ferric chloride, ferric sulfate and 
chlorinated copperas for coagulation, 
and that many more plants may find it 
advantageous to use the iron salts for 
coagulation. The autoxidation process 











Material 


Alum 

Ferric sulfate (solid bulk) 

Ferric chloride (liquid tank cars) 

Ferrous or ferric chloride locally produced 
Standard sulfuric acid (tank cars) 
Copperas 

Chlorinated copperas 

Ferric sulfate by autoxidation 

Copperas by autoxidation 





TABLE 3.—Comparative Costs of Chemicals 





Approx. Cost per Ton F.O.B. Phoenix, 
as of Jan., 1946 





$40-$50 (hydrated salt) 

$48.66 
| $80-$90 
$40-$60 (anhyd. basis) 
$15-$20 (for 100% acid) 
$50 (hydrated salt crystal) 
Variable—depends on copperas and Cl; cost 
$19.19 (as equiv. anhydrous ferric sulfate) 
$9.58 (as equiv. hydrated salt) 
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should prove enticing in this field as it 
offers chemicals at lower cost, locally 
produced in liquid form ready for use. 


Sewage Works 


In the field of sewage treatment, a 
rebirth of interest in chemical precipi- 
tation of sewage has become apparent 
for the past few years. Rapidly grow- 
ing cities have found their sewage 
treatment plants inadequate to care 
for inereased loadings. During the 
war, rapidly expanding industries 
added thousands of gallons of often 
strone wastes to the domestic sewage, 
and with strict priorities and difficulty 
of obtaining equipment, chemical coag- 
ulation was used to handle such over- 
loads without drastic plant enlarge- 
ments. Many industrial wastes not 
only inerease the B.O.D. load; but they 
are often of such a nature as to inter- 
fere with the sewage treatment process. 
By the use of chemical ccagulation the 
objectionable characteristics ean often 
be reduced to a point that the ordi- 
nary treatment processes are able to 
function normally. In many cases the 
coagulant is needed only during peri- 
ods of excessive loading, or during 
periods of exceptionally low river 
stage in the case of inland cities. The 
use of ferric salts for sewage coagula- 
tion is well known among sewage tech- 
nicians and the low cost local produc- 
tion of ferric sulfate by autoxidation 
should be welcomed. 

Some sewage treatment plants, due 
to lack of money or land, have found it 
necessary to condition sludge drawn 
on sand drying beds in order to in- 
crease their capacity. Ferrie chloride, 
ferric sulfate, alum, and sulfurie acid 
have been used for this purpose. In 
the field of vacuum filtration of sludge 
the ferric salts are used almost exclu- 
sively for conditioning the sludge. 
Phoenix is fortunate in that it is not 
necessary to condition sludge. How- 
ever, ferric sulfate produced by autox- 
idation has been tried both on digested 
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and activated sludge to determine its 
effectiveness as a sludge conditioner. 
Tests were compared by running 
them in duplicate using ferric chloride 
in one set and ferric sulfate in the 
other. It was found that the ferric 
sulfate gave excellent results in condi- 


tioning both activated and digested 
sludge, but the dosage was slightly 


higher than that required with ferric 
chloride. When the cost of the locally 
produced ferric sulfate is compared to 
the cost of ferric chloride, however, 
the use of ferric sulfate would be indi- 
cated. 


Industrial Wastes 


In the industrial waste treatment 
field ferric sulfate has been success- 
fully used in the treatment of meat 
packing, cannery, distillery, milk and 
other industrial wastes. The cheap 
local production of ferric sulfate by 
autoxidation should be weleomed by 
the waste treatment field. 

As a simplified means of acid pro- ° 
duction, the autoxidation process has 
logical application in regeneration of 
steel plant pickling. liquor and in ex- 
traction of copper from low grade ores 
of the Southwest. The pickle liquor 
adaptation requires separation and 
calcination of copperas, and conversion 
of the sulfate content to pickling 
strength acid. In copper leaching a 
mixture of ferrie sulfate and sulfuric 
acid can be produced, which is often 
required in extraction of so-called 
mixed sulfide and oxide forms of cop- 
per. An advantage in each ease is in 
lower plant cost than required for 
standard acid production, and in sav- 
ing on freight, in cases where commer- 
cial acid cost is high due to freight 
charges, or where it is necessary to 
convert by-product sulfur gas to acid. 
Also, ferric sulfate may be produced 
from ferrous sulfate discarded from 
copper leaching operations and may be 
useful for leaching sulfide forms of 
copper. 

The autoxidation process may utilize 
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dilute and dirty SO, gas of fluctuating 
concentration, such as cannot be so 
employed in standard commercial acid 
plants. 

The autoxidation process can also be 
used in the abatement of air pollution 
by eliminating SO, from waste indus- 
dustrial gas containing at least 0.5 per 
eent SO.. These include ore smelting 
operations, oil refining and boiler stack 
gases from high sulfur coal. 


Conclusion 


In conclusion it can be stated that 
the autoxidation process has been 
proved successful by 7 years of opera- 
tion at Phoenix. In general, the cost 
of iron salts may be reduced about one 
half or more by the autoxidation pro- 
cess. This lowered chemical cost should 
prove beneficial to the water purifica- 
tion, sewage and trade waste treat 
ment fields. 


THE AUTOXIDATION PROCESS—A DISCUSSION 


By Harmon E. Keyes 


Chemical and Metallurgical Engineer, Phoenix, Ariz. 


In the excellent presentation by Mr. 
Travaini of the Phoenix development 
of the autoxidation process, only a few 
points may warrant some amplification. 

The autoxidation process is often 
considered somewhat anomalous, as 
both sulfur dioxide and ferrous sulfate 
are known chemically as reducing 
agents. Sulfate formation involves 
oxidation. Oxidation of either ferrous 
sulfate or sulfur dioxide by air alone 
has been proved impractical. However, 
when both ferrous sulfate and sulfur 
dioxide are present together in solu- 
tion and in controlled amounts, they 
may be oxidized simultaneously and as 
result of joint association, by finely 
divided air, to form ferric sulfate ac- 
cording to the reaction: 


2FeS( ), +86 ».+0,= Ne SO, 


If now, air and SO, are further added 
after iron oxidation is complete, the 
ferric sulfate thus formed acts cataly- 
tically to promote sulfuric acid pro- 
duction according to the reaction: 


2S80,+2H,0+0,=2H.SO0, 


Thus, the process will produce fer- 
ric sulfate, sulfuric acid, or mixtures 
of both, depending on control of the 
operation. 

The explanation given by Mr. Tra- 
vaini covers development and commer- 


cial operation of a successful method 
of carrying out this process. The chief 
reasons for the outstanding success of 
this development, in view of past ex- 
penditures on the basic process total- 
ling hundreds of thousands of dollars, 
and the relatively small sum expended 
in bringing the improved process oper- 
ation to its present state are, it is be- 
lieved, due to three main factors. First, 
a thorough background of knowledge 
on fundamentals of the basic chemical 
reaction involved in SO, fixation had 
been established at the University of 
Arizona and the U.S. Bureau of Mines. 
Thus, the time of reaction and the im- 
portance of fine air subdivision were 
already known, as well as results of 
former plant design and operation ap- 
plied to ore treatment. Therefore, in 
developing the Phoenix process and in- 
stallation, the writer was able to utilize 
accumulated knowledge in formulating 
a new approach to meet the more rigid 
requirements of a sewage treatment 
plant in obtaining strong ferric sulfate 
solution without simultaneous acid for- 
mation or pollution of the atmosphere 
by SO,. This was accomplished by 
novel design, both of reaction cell and 
plant flowsheet. 

The second outstanding feature ex- 
plaining the low cost development was 
the excellent management of the pro- 
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ject, and the united cooperation of the 
Phoenix Engineering Department and 
the personnel of the sewage treatment 
plant who were involved. The efficient 
manner in which Mr. Travaini exe- 
cuted arrangements and the never fail- 
ing interest of the operator, Jack 
Hatchel, who assisted in the experi- 
mental development and maintained 
the commercial iron sulfate plant oper- 
ation throughout the war period when 
material was scarce and no laboratory 
control was available, contributed sub- 
stantially to the success of this process. 

The third factor of importance was 
the facet that this process fitted in with- 
out conflict with the sewage treatment 
process, and conversion to cheap iron 
salt was accomplished in a simple and 
inexpensive plant which could be han- 
dled by a sewage plant operator. 


Justification for Process 

The basic justification for a process 
to produce iron sulfates from sulfur 
and serap iron is the initial low cost 
of sulfur as compared to chlorine. For 
example, sulfur costs 1.1 cents per lb. 
and chlorine 3 cents per lb., at favor- 
able carload prices at Phoenix in nor- 
mal times. If 1 lb. of metallic iron 
scrap is to be made into ferric salt, the 
required amount of chlorine will cost 
over 5.6 cents, whereas the necessary 
sulfur to combine with a pound of iron 
scrap will cost only 1 cent. This illus- 
trates the potential soundness for use 
of sulfur, instead of chlorine, in pro- 
ducing the cheapest form of iron salt. 

In order to utilize the low cost char- 
acteristics of sulfur, a suitable tech- 
nique had to be developed. The record 
of 7 years successful commercial opera- 
tion and the logical conclusions from 
these results, which have just been pre- 
sented by Mr. Travaini, speak for them- 
selves as to accomplishment in solving 
technical and operating problems in- 
volved. 

In the dissolution of iron serap to 
form ferrous sulfate, as practiced in 
Phoenix, ferric sulfate is much more 
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rapid in action than is sulfuric acid. 
This is an added reason for employing 
the autoxidation process, rather than 
to purchase commercial acid, if large 
quantities of iron sulfate are needed. 

The question of acid production 
deals with cost relations of commercial 
acid, or else with utilization of waste 
or by-product SO,. Generally, the 
justification for producing acid by 
autoxidation is determined by the cost 
of equivalent commercial acid, possibi- 
lities of using waste or by-products as 
source of SO,, and reduction in unit 
labor costs for conversion by autoxida- 
tion. It should be pointed out, how- 
ever, that pH control is a feature of 
this iron salts process, as free acid may 
be minimized during iron oxidation or, 
if- desired, any concentration of free 
acid up to the limits given below may 
be produced in the solution following 
completion of iron oxidation. There- 
fore, iron solutions of any free acid 
concentration employed in sewage 
treatment may be produced locally 
without the trouble and danger of 
handling concentrated acid. 

The above presents a bit of new evi- 
dence to establish the practical aspects 
of an SO, conversion process involving 
selective action in oxidizing iron with- 
out forming undesired acid, or in pro- 
ducing relatively strong acid with small 
amounts of dissolved iron. The sulfur 
dioxide conversion was so effective that 
no air pollution problem existed, as 
shown by Figure 1 illustrating a bird’s 
nest and two eggs located on top of the 
uneovered SO, reaction cell, between 
the air headers. The fact that this wild 
bird mistook the SO, conversion cell 
for a part of the natural environment 
shows how well this process ean fit into 
a sewage works, where preservation of 
natural wild life and vegetation is of 
paramount importance. These eggs 
evidently were laid between intermit- 
tent runs and never hatched, as the 
first run sprayed them with ferric sul- 
fate giving a mottled appearance, so 
the nest was abandoned. 
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FIGURE 1.—Bird’s nest and eggs located between air headers of the Phoenix 
autoxidation conversion cell. 


Acid Production 


Acid production by autoxidation re- 
quires a dissolved metal salt catalyst 
of the type which can exist in more 
than one state of oxidation. Although 
a large number of such metal salts are 
known to function in this reaction, for 
purposes of this process applied to in- 
dustry only iron and manganese sul- 
fate will be considered. Manganese 
sulfate may be added as such to the 
reaction cell system, or produced from 
manganese ore by leaching with SO, 
and acid. The concentration of man- 
ganese may vary from 0.1 to 1.0 gm. 
Mn per liter. Up to 15 per cent acid 
has been produced in this ‘‘air-dif- 
fuser’’ type autoxidation cell with neg- 
ligible SO, loss, and up to 30 per cent 
H,SO, with considerable evolution of 
SO, at the end of the reaction. 

Because of its cheapness and availa- 
bility, dissolved iron sulfate is gen- 
erally employed as catalyst in acid 
production by autoxidation. Iron is 
effective in concentration of not less 
than 2 gm. per liter Fe, for efficient 
acid production. Under these condi- 
tions acid up to 10 per cent may be 


produced with negligible evolution of 
SO, from the cells. When the acid 
reaches 20 per cent some SO, is evolved. 
A maximum of nearly 30 per cent acid 
has been produced, using dissolved 
iron catalyst. 

With either of the above dissolved 
catalysts, when acid is desired above 
10 to 15 per cent strength, provision is 
made for return to the cell system of 
any vented SO, that would be objec- 
tionable to discharge to atmosphere. 
Either countercurrent methods of solu- 
tion-gas contact, or special means of 
tower adsorption, are employed to pre- 
vent SO, loss in the higher acid ranges 
of this process. 

One of the distinctive features of the 
air-diffuser cell is the establishment of 
a body of solution constantly saturated 
with finely divided air supplied by 
calibrated air diffuser tubes, and into 
which solution body coarsely dispersed 
sulfur dioxide gas is separately intro- 
duced in controlled amounts to give the 
desired sulfating effect. This separate 
and simultaneous addition of air and 
SO, gives several advantageous results. 
The inherent reducing effect of SO, is 
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overcome by adding the SO, containing 
gas, under control, into the oxidizing 
environment of finely divided air sus- 
pended in the solution phase. The SO,, 
being much more soluble in water than 
is oxygen, is readily absorbed into the 
solution when introduced at a level 
near the top of the solution body, thus 
minimizing hydrostatic pressure on 
the SO, distributors so that a single 
stage centrifugal blower of about 2 lb. 
pressure may be employed for SO, gas 
introduction. 

Although the Phoenix plant operates 
on the batch principle for convenience 
in a small installation, engineering 
plans for larger plants have contem- 
plated continuous flow of solution, pre- 
ferably through several cells in series. 
This process may employ SO, gas at 
atmospheric pressure as_ discharged 
from a sulfur burner, roaster or calcin- 
ing furnace, using a single stage acid- 
proof centrifugal blower to introduce 
the SO, gas into the reaction cell. Cool- 
ine of this gas ahead of the blower 
would normally be accomplished by use 
of influent or effluent cell solution, ac- 
cording to conditions of operation and 
the heat relations involved. 


Application to Pickling Liquor 
Problem 

A logical application of acid produc- 
tion by autoxidation, which has an im- 
portant bearing on pollution abate- 
ment, is regeneration of acid in waste 
steel plant pickling liquor. This in- 
volves a complete process embracing 
copperas recovery, calcining to convert 
sulfate into SO, and SO,, and conver- 
sion of the sulfur oxide gases to acid 
of suitable pickling requirements. 
High grade iron oxide calcine is a by- 
product of the process. 

This approach to treatment of pickle 
liquor may be more apparent from a 
brief explanation of the major process 
steps. Copperas separation may be ac- 
complished by any desired means, such 
as partial evaporation and erystalliza- 
tion. Return of acid mother-liquor 
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back to pickling is contemplated wher- 
ever acceptable. New developments in 
copperas separation are expected to 
cheapen future costs of this step. 

In ealeining, formation of SO, may 
be encouraged in order to obtain a 
partial acid recovery by direct con- 
densation and separation of acid mist. 
The remaining gas, as SO.,, is then con- 
verted to acid by autoxidation and 
added to the fraction of the acid pro- 
duced by SO, separation. <A suitable 
amount of dissolved iron originating 
from the pickling system is employed 
as catalyst in the autoxidation cell cir- 
cuit. The cell conditions oxidize this 
dissolved iron so that a reduction step 
employing special adsorption or ¢a- 
talysis with SO, is accomplished in a 
simple packed tower. This liberates 
a further quantity of sulfuric acid. 
The final result is acid of 10 to 25 per 
cent H,SO, and containing from 0.2 
to 1.0 per cent Fe which is in the fer- 
rous condition. 

A typical acid solution produced in 
the Phoenix plant to suit pickling re- 
quirements analyzed as follows: 








Pickling Acid (Grams per Liter) 





H2SO4 





Total Fe | Ferrous Fe | Ferric Fe 
8.9 ) 


| 
8.8 | 0.1 | 195.5 





Gas handling from the ecalciner to 
the autoxidation cells is conducted as 
in chemical engineering practice. Gen- 
erally a continuous flow of solution 
would be employed, in which the flow 
to or from the acid cells would be used 
to collect the SO, mist and also cool 
the gas between the calciner and SO, 
blower. 

The above process is a combination 
of proven operations together with a 
novel assembly of gas conversion steps 
designed to simplify and cheapen acid 
production on a.small scale. Because 
of flexibility of the method and lack of 
critical features, it is believed the pro- 
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cess is adaptable to standardization 
and semi-automatic control. 

This process is believed to fit the 
criteria of a suitable waste treatment 
method, in that an obnoxious waste is 
used as raw material and converted 
back into material needed in the main 
process. From present calculations, 
the cost appears comparable in general 
with current acid costs, particularly 
when the normal disposal cost of waste 
pickle liquor and the nuisance element 
are considered. 

Another approach to pickle liquor 
treatment by autoxidation is in produc- 
ing strong ferric sulfate solution d1- 
rectly from neutralized pickle liquor. 
Data on Phoenix operations cover such 
steps. For example, autoxidation runs 
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have been made in which several per 
cent free acid was produced, and this 
solution reduced and neutralized with 
scrap iron, to give strong ferrous sul- 
fate solution containing up to 7 and 8 
per cent Fe. This strong solution was 
then oxidized successfully in the air- 
diffuser cell. In the case of waste fer- 
rous sulfate solution, two thirds of the 
chemical work has already been accom- 
plished on the iron, so that ferric sul- 
fate could be produced at or near a 
steel plant at very low cost. 

Thus, the improved autoxidation 
process, as conducted using the Phoenix 
type air-diffuser cell, is presented as a 
logical solution to the pickle liquor 
problem. Detailed cost data must await 
further development. 
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CRISIS IN CHEMICALS 


Some sewage works users of ferric 
chloride and of chlorine have recently 
encountering difficulties in the 
placement of orders for these chemi- 


been 
eals. In at least two cases, the situa- 
tion has given rise to considerable con- 
cern. 

It has been reported that some of the 
large manufacturers of ferric chloride 
are discontinuing production, and are 
declining all orders. Companies that 
are econtinuine manufacture are hard 
pressed to meet the demands of their 
and are not in a 


present customers 


position to serve new ones. These pro- 
ducers are handicapped in their efforts 
to increase production because of the 
difficulties 


construetion. 


present involved in new 


about SO or 90 
S. employ- 


There are sewage 
treatment plants in the U. 
ine ferrie chloride as a sludge econdi- 
tioning reagent 
by vacuum filters. About 150 to 175 
plants use the chemical as a coagulant 
to aid sedimentation. While it is true 
that substitute chemicals may be used 
for these purposes, most of the plants 
will require changes in the facilities 
handling, storing and 
applying such other chemicals. This ob- 
stacle will no doubt be completely cir- 
cumvented in time through the adapta- 
bility and ingenuity which has been 
characteristic of sewage works opera- 
tors. In the meantime, the Corner 
will be pleased to receive suggestions 
from operators who may have already 


available for 


prior to dewatering 


187 


attacked or solved the problem, for the 
benefit of those who have not. 

The situation on chlorine has become 
confused in some localities, reportedly 
because of a desire on the part of cer- 
tain producers to narrow their areas 
of distribution. If this is the case, a 
satisfactory readjustment should come 
about eventually. 

The continuing 
supply of chlorine containers, the main 
cause of delayed and curtailed ship- 
ments during the war, is also a factor 
in the present chlorine picture. All 
users will do well to take note of this 
condition and to act accordingly. 
Cylinders should be returned to the 
supplier immediately after they are 
emptied, so that chlorine production 
may go forward at the peak rate, un- 
shipping 


deficiency in the 


hampered by storage and 
limitations. 

There must be sound business rea- 
sons behind the decisions of some fer- 
ric chloride producers to suspend 
manufacture, and of some chlorine sup- 
pliers to restrict distribution. Surely, 
however, old customers of lone stand- 
ing will not be cut off from supplies 
without proper notice and without a 
reasonable period in which to make 
other arrangements. This is especially 
important in regard to chlorine, be- 
cause there is no acceptable substitute 
and on account of the direct public 
health significance where it is used for 
disinfection. 


W. H.W. 
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OPERATION OF THE TALLMANS ISLAND SEWAGE 
TREATMENT PLANT AT NEW YORK CITY * 


By Henry M. Ratu 


Superintendent, Tallmans Island Sewage 


The Tallmans Island plant of the 
Department of Public Works of the 
city of New York is of the activated 
sludge type with separate sludge di- 
gestion and provision for the utiliza- 
tion of digester gas for power and heat 
production. It has been in effective 
operation for over seven years. 

The tributary area is about 17,000 
acres with a present contributing pop- 
ulation of approximately 130,000. In 


addition there are the usual service 
industries, several dyeing establish- 


ments, a plating works and a rubber 
products industry. The present flow 
is approximately 22 m.g.d. Raw sew- 
age suspended solids averaged 131 
p-p.m., and the B.O.D. was approxi- 
mately 110 p.p.m. in 1946. On several 
oeceasions there have been aggravating 
upsets caused by heavy slugs of trade 
wastes, but prompt control adjust- 
ments have minimized their effects. 

The designed plant capacity is 40 
m.g.d., which was to serve a popula- 
tion of about 300,000. However, the 
anticipated building boom that was 
expected to derive from the World’s 
Fair in Queens in 1939 failed to ma- 
terialize because of the war. Construc- 
tion now is underway to extend the 
system to bring in the sewage from 
recently completed developments. Ad- 
ditions will be made as home construe- 
tion is resumed in this fast growing 
community. 


Intercepting Sewers 

The 7-ft. diameter interceptor dis- 
charges into any one or more of the 
three grit chamber channels which are 
located well below grade to permit 

* Presented at 19th Annual Meeting, New 
York State Sewage Works Association, New 
York City, January 17-18, 1947. 


Treatment Piant, New York, N. Y. 


gravity flow, with the exception of a 
small volume from a local area which 
is raised to the interceptor by elec- 
trically driven pumps located in a sta- 
tion at the plant. Flow to the grit 
channels in service is controlled either 
manually or by float through a 72- by 
60-in. sluice gate operated by a_ hy- 
draulie ram. 

Excessive flows, causing a rise in 
channel level, will raise a float which, 
in turn, actuates the mechanism to 
throttle the gate. <A klaxon alarm 
will sound under these conditions. As 
the sewage level rises in the inter- 
ceptor a similar throttling occurs at a 
gate 1144 miles upstream. As the sew- 
age rises behind this gate and reaches 
the crest of a permanent weir, the sur- 
plus flows over to a by-pass and dis- 
charges into a tributary of the East 
River. Little concern is felt for the 
polluting effect of this untreated sew 
age, as overflow takes place only in 
storms, at which time the wastes are 
highly diluted by the rain water added 
to the combined sewer system. 


Screening 

The first screen in each channel in 
the grit chamber eonsists of inclined 
bars on 4-in. centers. Trash from 
these racks is raked manually to the 
separation floor. The material is 
stored in sanitary cans, which are col 
lected three times weekly and trucked 
to a local refuse incinerator. The 
larger amount of screenings, captured 
on the succeeding 1-in. rack, is drawn 
up an incline by mechanically oper- 
ated rakes and dropped into a cutting 
mill. The macerated material drops 
through the bottom of the eutter back 
into the stream. Particles are small 
enough to pass through subsequent 
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FIGURE 1.—Main building, Tallmans Island sewage treatment plant, New York City. 


devices without causing damage. Both 
the eutter and the bar rack are oper- 
ated by the same program clock. At 
predetermined intervals the electrical 
circuit is closed and both devices go 
into operation. Normally seven min- 
utes of operation in each half hour are 
sufficient to keep the rack clear. 
However, a rise in the channel level 
will cause a cireuit-making float to 
function and operate the rack and 
erinder until conditions return to nor- 
mal. <A positioning switch is also used 
to prevent the rack from stopping at 
a time when a comb is in the line of 


flow. 
Grit Removal 


The grit channels following the 
racks are 66 ft. long by 12 ft. wide and 
8 ft. sidewall height. Velocities are 
kept fairly constant at 1 f.p.s. by a 
Sutro weir placed across the channel 
at the effluent end. The sediment in 
the channel is eollected and removed 
from the tank by a continuously oper- 
ated mechanism. This material is 
chuted from the elevator into the re- 
ceiving tub of a grit washing device, 
from whieh organic material is re- 
moved and returned to the channel. 

The washed grit is dropped into an 
ejector of 40 eu. ft. capacity. When 
the ejector is filled the material closes 
an electrical circuit to sound an alarm 


to alert the attendant. Compressed 
air is used to discharge the ejector 
contents to an elevated storage tank of 
140 cu. yd. capacity. The amount of 
moisture in the erit is under the con- 
trol of an operator. A considerable 
amount is desirable when transport- 
ing through the piping system in order 
to minimize the eroding effect of the 
more abrasive dry material. This 
water, with most of the organie ma- 
terial that evades the washing process, 
is removed from the tank to the head 
of the plant by a siphoning device. 

The removal of the putrescibles 
from the grit by means of the siphon- 
ine device is an incidental but valu- 
able function, as the grit is used for 
land fill adjacent to the plant. The 
addition of 2 Ib. of hydrated lime to 
each cubic foot of grit before pneu- 
matie ejection to storage has also been 
an excellent means of odor control. 
Daily analysis of representative sam- 
ples of grit to storage indicate a vola- 
tile content averaging 12 per cent. Oc- 
casional putrescibility tests indicate 
little of these substances. 

Pumping 

After the trash and grit have been 
removed from the sewage it passes by 
a free fall from the channel into the 


wet well, located in the lower regions 
of the pump and blower building. 
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This slight fall releases a surprising 
amount of scum that floats into the 
well. The capacity of the well is 
135,000 gal., which is larger than is 
desirable for the present flow. Aver- 
age flowing-through time is 10 minutes. 

The stilling effect causes settling of 
solids and rapid scum accumulation 
on the surface. An established prac- 
tice of pumping down the wet well 
during the early morning hours reme- 
dies this condition. Pump speeds are 
maintained during the day to hold the 
well to the highest safe level for the 
purpose of power economy. As _ the 
inflow falls off at night, the pump 
speed is maintained until the elevation 
is lowered to slightly above the suction 
bell. Speed is not resumed until the 
original level is restored several hours 
later. 

This procedure has _ considerable 
merit. First, most of the sediment is 
drawn out at a time when the sewage 
is dilute; second, the scum is drawn 
into the pump and delivered to the pri- 
mary tanks in time for the morning 
skimming; third, the differential be- 
tween maximum and minimum flows 
is lessened, thus maintaining a more 
uniform flow throughout the 24-hr. 
day, which condition is particularly 
desirable where the activated sludge 
process is emploved, and last, only 
two speed changes are made on the 
engine driving the pump, which af- 
fords a minimum disturbance in the 
heat balance and in the supply system. 


Primary Sedimentation 


Three rectangular, straightline tanks 
are provided for primary sedimenta- 
tion. These would have afforded a 1- 
hr. detention for the load originally 
anticipated. With the present flow, 
however, two of the tanks in service 
afford an average period of 1.33 hours. 

Sludge collectors operate continu- 
ously to plow the sludge to a single 
sump, from which the material is 
pumped to the digesters. Such opera- 
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tion of the collectors is also effective in 
concentrating the sludge due to the 
rabbling effect of the moving flights. 
The third, and unused tank, stands by 
ready for service. It is kept filled 
with settled sewage to counteract the 
pressure of ground water. A film of 
used erankease oil is floated on the sur- 
face to abate insect nuisance and to 
inhibit corrosion of metals due to oxi- 
dation. The mechanism in this tank 
is operated for a short interval each 
week for conditioning. 

The sludge pumps used are of the 
dual cylinder plunger type with four 
speeds. The lowest speed is used nor- 
mally to avoid cavitation within the 


sump; to use the positive suction head . 


to best advantage and, of course, to 
minimize wear. <A_ eireuit making 
clock, adjusted by the operator, is em- 
ployed to operate the pumps on a time 
eyele of about 15 min. each hour 
throughout the day. 

Seum is collected by the flights re- 
turning along the tank surface. They 
push the floating substances to the scum 
eutter curb, which also serves as a tank 
baffle. Several times a day the atten- 
dant lifts the scum over the curb with 
a broad bladed hoe. Tank effluent is 
valved into the gutter to give the ma- 
terial a transporting velocity to carry 
it to a coneentration tank. After a 
short interval of quiescence, the scum 
is ladled from the surface to cans of 
about 3 cu. ft. capacity. The ladle is 
a 9-qt. perforated tar dipper. Water 
remaining in the seum concentration 
tank is tapped from the bottom and 
allowed to run back to the system. 

A eontractor collects the cans in lots 
of thirty. The contract for this year 
calls for payment at the rate of 80 
cents per 100 Ib. for skimmings as col- 
lected. In 1946, 2,700 cu. ft. of skim- 
mings were removed by the contractor. 
The weight was 169,000 Ib., and the 
grease content approximately 35 per 
cent. The income was $1,350. This 
service is of additional value inasmuch 
as it affords means of scum disposal 
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other than by digestion; scum in di- 
gesters can be a terrific nuisance. 


Activated Sludge Treatment 

The settled sewage from the primary 
tanks flows over the long weirs through 
a flume to one of the two spiral flow, 
diffused air aeration tanks. Return 
sludge is added and aeration begins 
in the narrowed last 100 ft. of the 
flame. The aerator comprises four 
passes in series. Each pass is 3795 ft. 
long, 22% ft. wide, and has a 15-ft. 
water depth. The total length of the 
passes is 1,500 ft. If the spiral, repre- 
senting the flow of the liquor, were 
stretched out it would approximate a 
length of 9 miles. 

Air at 6.6 p.s.i. is diffused through 
12 by 12 by 1-in. carborundum plates 
ranged along one side of the tank bot- 
tom in double file. The plates have 
a mean permeability rating of 40. The 
air pattern can be adjusted by angle 
valves located alone the air header 
that feeds the plate boxes within the 
tank. Ordinary precautions have been 
used to prevent plate clogging. Air 
filters are kept in an efficient condi- 
tion. Pressures are raised at intervals 
by applying excess air when surplus 
fuel would otherwise be wasted. Blower 
shutdowns are not tolerated, and there 
has been no appreciable loss of head 
indicated during the seven years of 
operation. 

The idle aerator is partly filled with 
clean water to prevent damage to the 
plates from exposure to dust or frost. 

Step aeration, or incremental feed- 
ing of settled sewage is provided for 
by properly located by-passes along 
the tank, each of which is equipped 
with venturi meters and control gates. 
By admitting a portion of the settled 
sewage through these passes an adjust- 
ment can be made in the detention time 
of the 13,000 tons of sludge in the aera- 
tion tank, 

This flexibility is useful in combat- 
ting the shock of suddenly increased 
loads, as during a storm when large 


TALLMANS ISLAND PLANT 491 


volumes of rain water flow through 
and reduce the oxidation period. It is 
also useful in minimizing the effects of 
slugs of toxic trade wastes which tend 
to injure vast numbers of the aerobic 
organisms, causing a reduction in the 
biological activity. As soon as these 
substances become evident, return 
sludge volumes are increased to pro- 
vide a maximum number of surviving 
organisms, and incremental feeding is 
begun to procure the longer time re- 
quired for stabilization. A rather in- 
teresting experience with trade wastes 
at the Tallmans Island plant occurred 
recently when a considerable quantity 
of chromates reached the plant. (This 
experience is described in detail in a 
paper to be published in a subsequent 
issue of THs JouRNAL—Ed.). 

Ordinarily, standard activated sludge 
methods are employed with the normal 
detention at 3 hours. Sludge concen- 
trations in the aerator are varied as 
conditions warrant between 1,600 p.p.m. 
and 3,600 p.p.m., with an average for 
1946 of 2,300 p.p.m. , The amount of 
air required to keep the sludge in mo- 
tion averaged 0.33 cu. ft. per gal. last 
year. 

Aerated liquor flows through meters 
to three of the four rectangular final 
sedimentation basins. Each tank has 
a surface area of 11,000 sq. ft. with a 
water depth of 13 ft. The influent 
weirs in each tank are 94 ft. long. In- 
stead of expensive sluice gates, stop 
planks are used for influent control. 
They have the additional advantage of 
affording a more gentle and even dis- 
tribution to the tanks with a minimum 
of short circuiting. 

Detention periods, at present flow, 
average 3.33 hr., with an overflow rate 
of 750 gal. per sq. ft. per day. Each 
tank has a total overflow weir length 
of 730 ft. The weirs start about one- 
third of the length from the influent 
end and extend to about 10 ft. from 
the effluent end. The effluent from all 
tanks converges in a common manhole 
and is discharged to the river through 
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a 66-in. conduit which terminates 300 
ft. offshore. 

The tanks are provided with sludge 
collecting mechanisms similar to those 
in the primary tanks, except for the 
absence of the skimming feature. The 
returned sludge amounts to 39 per 
eent by volume of the settled sewage 
flow. This permits the removal of the 
sludge while it is still fresh and keeps 
the blanket low in the final tanks. Con- 
centration of this sludge is varied be- 
tween 4,000 p.p.m. and 10,000 p.p.m. 
as conditions require. On a dry weight 
basis, the proportion of return sludge 
to sewage solids is held at about 25 
to’ 1. 


Sludge Thickening 


The sludge is removed and raised to 
the return sludge channel and to the 
excess sludge concentration tanks by 
means of air-lifts. Although air-lifts 
are of low efficiency, they are most de- 
sirable from an operator’s viewpoint 
because of their extreme dependability. 
Controls are most accurate and rates of 
output are directly proportional to the 
air applied. 

The two excess sludge thickeners are 
of the center feed, circular type with 
rabble arms attached to the plow 
mechanism to aid in the separation of 
the water from the sludge. Generally 
it is found convenient to pump rather 
dilute sludge from the thickeners to 
the primary tanks where it will settle 
readily, mixed with the primary sludge. 

This cannot be continued in hot 
weather as septicity occurs in the un- 
stable sludge before it can be removed 
from the primary tanks. The sludge 
must then be pumped to the digesters 
directly. Then the thickeners are 
brought under more careful control 
and maximum sludge concentration is 
accomplished to avoid overtaxing di- 
gester facilities. Concentrations of 4 
per cent sludge and a sparkling super- 
natant are possible with influents of 
6,000 p.p.m. 


The use of chlorine is essential in 
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extremely hot weather to retard de- 
composition of the sludge with resul- 
tant bulking. The average input last 
year was at 6,600 p.p.m., and the 
thickened sludge removed contained an 
average of 3.24 per cent solids. The 
overflow rate at these tanks is about 
400 gal. per sq. ft. per day. 


Sludge Digestion and Disposal 

There are four digesters with float- 
ing covers, each 83 ft. in diameter. The 
total capacity is 700,000 cu. ft. Two 
are used as primary digesters, receiv- 
ing fresh sludge every other day. Each 
has its companion secondary tank. The 
secondary tank is decanted every other 
day and on alternate days digested 
sludge is removed. The space made 
available is then filled with top sludge 
run by gravity through the decanting 
lines from the primary digester. Each 
month 1,000 cu. ft. of bottom sludge 
is drawn from each primary digester, 
from which samples are taken for 
analysis for inventory purposes. There 
has been no difference in the character 
of top and bottom sludge, nor is too 
great an amount of scum accumulated 
on the surface. This clearly indicates 
excellent circulation without the use 
of mechanisms. 

Temperatures of about 90° F. are 
maintained in the primary digesters 
by the circulation of hot water through 
heating coils suspended in the sludge 
around the periphery of the tank. The 
heat originates in the jackets and from 
the exhaust gases of the gas engines. 
No heat is applied to the secondary di 
gesters but constant temperatures are 
maintained by the warm sludge trans- 
ferred from the primary tanks. Suc- 
cess of this function is an excellent 
argument for the present trend of pre- 
heating sludge before addition to the 
digesters. Disregarding the additional! 
digestion in the secondary tanks, which 
produces less than 10 per cent of the 
total gas, the dimensions of the pri- 
mary tanks indicate a capacity of 2 cu. 
ft. per capita per day. 
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Two storage tanks, to which digested 
sludge is pumped, are located near the 
plant dock. Decanting equipment is 
provided for sludge concentration. The 
storage capacity is equivalent to the 
eapacity of one of the three self-pro- 
pelled diesel ships operated by the 
Department to carry sludge to sea for 
dumping in a prescribed area. Load- 
ing to the vessel is by gravity through 
a 14-in. diameter cast iron pipe, 400 ft. 
long. In 1946 sludge vessels made 26 
trips to sea with 38,718 wet tons of 
sludge containing 5.9 per cent solids, 
of which 44.5 per cent was volatile. 


Gas Engines 
The gases derived from digestion are 
used to fuel internal combustion en- 
vines, which drive the raw sewage 
pumps and the air blowers for aera- 
tion. Last year 57.32 million cu. ft. 
of gas was produced—an average of 
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1.2 eu. ft. per capita per day. This re- 
presented 71 per cent of the energy 
required for power, light, and heat. 
The amount of heat available from 
the gas engine jackets and the exhaust 
gases is usually adequate for digester 
and building heating service. How- 
ever, supplementary heating boilers are 
available. A standby utility gas sup- 
ply is also available in the event of a 
digester gas deficiency. The value of 
this facility has been reduced by the 
operation of a recently converted gas 
engine to a dual fuel engine, which 
uses diesel oil as a supplement. The 
engine operates on the diesel cycle. 
Oil is injected through nozzles and 
the gas is drawn through governor-con- 
trolled valves. The governor functions 
to compensate for gas deficiencies by 
controlling the output of the oil injec- 
tion pumps. Langes from 7 per cent 
fuel oil up to 100 per cent are accom- 


TABLE I.—Daily Average Operation Data for Year 1946, Tallmans Island 
Sewage Treatment Plant 


1946 Daily 


Item verage 
Sewage flow (m.g.d.).............. 20 
Grit removal (cu. ft./day)... . 120 
Moisture content (%).. . : 39.5 
Volatile content (%)............ 12.4 
Primary sedimentation period (hr.). 1.3 
(Activated sludge treatment: 
Aeration period (hr.)............ 2.9 
Applied air (cu. ft./gal.)......... 0.33 
Cu. ft. per lb. B.O.D. removed. . 550 
Mixed liquor: 
Solids concentration (p.p.m.)... 2,300 
Volatile content (%)........ 69.8 
Dissolved oxygen (p.p.m.)..... 2.9 
Sludge Index (Donaldson)... . . £2 
Sludge Index (Mohlman).. 83 
Return sludge flow (m.g.d.)...... 7.8 
Return Tate (9%) = ose ccs 6 oo aos 39 
Solids concentration (p.p.m.)... 6,600 
Volatile content (%)........ 69.8 
Final sedimentation period (hr.).. 3.3 
Overflow rate (gal./sq. ft./day). . 750 
5-Day B.O.D. (p.p.m.): 
Bee W ater arses a eee oe et 110 
Ce oo aa eee 89 
LST le ar a ae 18 
Over-all removal (%)........... 83.6 
Suspended solids (p.p.m.): 
ESOT OES Cee eo OO oe ERE 131 
Volatile matter (%).......... 77.5 
OUT TT So ee 94 


1946 Daily 


Item Average 

PES os facate patna titel cus ace de aaGnd i 

Over-all removal (%)........... 87.0 

Activated sludge concentration: 

Waste sludge volume (cu. ft.).... 40,000 
DLE | (o/h er ee 0.66 
VOIGtHO (Oa) ois. ccccseites scat 69.8 

Thickened sludge volume (cu. ft.) 3,675 
“S(0) 105 |S 4 (729 eae a 3.6 
WiGIRUM  Patiens 2 aslo chenisce Bee 65.6 

Decant liquor susp. solids (p.p.m.) 12 

Chlorine dosage (summer only— 

BPIRIIE) sei 50 0) Sis 2a osrareleria pa Sias 25 
Sludge Digestion: 

Primary sludge (cu. ft.)......... 8,000 
tit (0 id OY) | ere me 5.7 
VOIntHe ())c0n eee as 63.3 

Thickened waste act. sludge (cu. 

BES) chats cae bose Ftc tele ales 3,675 
Ga ests ws -bik:5 ste aces 3.6 
WOR ein heck eat oes 65.6 

Digested sludge (cu. ft.)......... 3,570 
SoS Oe a re ee 5.4 
WiGIRUUO CU) cc sss eendee clara Seen 46.1 

Supernatant liquor (cu. ft.)...... 6,600 
STE F(A RS le 1.0 
Wiebrte 098) ies. ons Sot ale 51.1 

Gas production (cu. ft. per cap.)..... 1.2 

Per lb. volatile destroyed........ 12.2 

Per lb. volatile added........... 8.8 

Fuel value (B.t.u. per cu. ft.).... 670 
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plished with no appreciable change in 
engine speed. This engine has been 
ably reported upon by others. 


Operation Data 

The plant is under complete labora- 
tory control. Samples are taken peri- 
odically at each step in the process and 
the information derived is communi- 
cated to the operating force twice daily 
for the purpose of making adjustments, 
if necessary. The samples are com- 
posited daily ; thoroughly analyzed for 
the required information, and the find- 
ings made available to the 
Office within 24 hours. 

Table I presents daily average oper- 
ating data for 1946, and may be inter- 
preted as representing typical condi- 
tions and procedure in this plant. 


Jureau 


Miscellaneous Comments 


Other features that may be of inter- 
est are the use of dried digested sludge 
for conditioning the lawn areas and 
the many shrub beds and trees about 
the plant. Two of the trees are of the 
Asiatie Plain variety, both of which 
were planted at the same time and 
under the same conditions. One 
been cultivated and sludged twice a 
year; the other has been merely eulti- 
vated. There is a most obvious differ- 


has 
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ence in the growth and condition of 
the two trees. All of the shrubbery 
is in excellent condition and its present 
value is greatly above that of its origi- 
nal cost. 

Plant effluent is flushing 
purposes in the grit chamber and in 
the heat exchangers to carry away sur- 
plus engine heat. The effluent is 
‘‘shown off’’ by jetting it from the 


used for 


mouths of two ornamental frogs lo- 
cated on a marble island in the center 
of a large glass-block lined pond sur- 
rounded by slate walks, benches, ivy 
beds, and shrubbery. 

The Chironomid Natan, commonly 
referred to as the ‘‘midge fiy,’’ and 
which is quite prevalent around the 
basins of water filtration plants, finds 
an excellent environment for spawn- 
ing in and around the final sedimenta- 
tion basins. They are kept under con- 
trol by leaving spider undis- 
turbed. Hoards of fat spiders spin 
large webs to trap the insects and pre- 
vent them from becoming a nuisance. 

About half of the original area al- 


webs 


loted for the plant has been developed 
into a public park. Despite the recrea- 
tional facilities available in the park, 
most visitors prefer the plant site. Ex 
cellent fishing usually is found at the 
plant bulkhead and pier. 


CHEMICAL TREATMENT OF LOS ANGELES SEWAGE 
TO RETARD SLIMES AND SULFIDES * 


By A. A. APPEL 


Assistant Superintendent of Sewer 


As a result of legal action instituted 
by the California State Department of 
Public Health against the city of Los 
Angeles, relative to the pollution of 
shore waters adjacent to the bathing 
beaches of Santa Monica Bay, the eity 
was directed by court order to chlori- 

* Presented at Annual Meeting of Arizona 
Sewage and Water Works Assn., Phoenix, 
Ariz., November 23, 1946. 


Maintenance, 


Los Ange li 8: Cali f 


nate or otherwise disinfect the sewage 
prior to its discharge into the ocean 
at Hyperion. 

Following this directive, the Board 
of Public Works designated the Bu- 
reau of Maintenance and Sanitation as 
the responsible city ageney to consum- 
mate the work necessary to comply 
with state requirements for safe bath- 
ing waters. The court order also stip- 





—— 
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ulated that the sterilization of the sew- 
age should be started by June 1, 1946, 
and continued until October 31. In 
order to meet the date set, immediate 
and extensive laboratory and field stud- 
ies for this work were imperative. 

During the summer and fall of 1945, 
the Division of Sewer Maintenance had 
been conducting extensive odor and 
mosquito control experiments in sew- 
ers, storm drains and open channels, 
using a chlorinated hydrocarbon called 
‘*Cloroben,’’ following its reecommen- 
dation by the Los Angeles City Health 
Department. 


Preliminary Studies 


This chemical, at a concentration of 
from 1 to 2 per cent, was applied for 
control of odors, flies and maggots, on 
sewage screenings temporarily dumped 
onto the ground for storage. The re- 
sults obtained in all cases were most 
satisfactory, not only as to the small 
cost of chemical involved, but in the 
simplicity of its application. While 
the above work was being conducted, 
attention was directed to the bacteri- 
cidal and slime-reducing qualities of 
the chemical, as reported from various 
cities which had been using it with 
’00d results. 

As these factors were prime requi- 
sites of any chemical to be used by the 
city in the attempt to reduce the area 
of beach quarantine, it was decided to 
experiment with Cloroben by adding 1 
to 2 p.p.m. in solution to the sewage 
being by-passed to a storm drain as a 
result of a stoppage in a 16-in. sewer 
caused by the illegal discharge of cer- 
tain rubber wastes. Tests made of the 
bacterial count following several hours 
contact indicated approximately 90 
per cent kill, while sewer odors had 
been eliminated. 

Following extensive jar tests by the 
Los Angeles Bureau of Standards bac- 
teriological laboratory relative to the 
optimum dosage of chemical required 
for maximum bacterial reduction in 
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relation to the contact time needed, it 
was decided that in order to obtain 
the most efficient results, the chemical 
should be introduced at the upper 
terminals of trunk line sewers, so that 
the sewage would receive treatment 
while fresh, thus inhibiting bacteria 
and slime growth and subsequently re- 
ducing H.S generation downstream. 
From 4 to 9 hours of contact were 
found to give maximum results. This 
contact time would, fortunately, be 
available to approximately 90 per cent 
of the sewage received at Hyperion be- 
cause of the length of the sewer lines. 
These results are comparable to those 
obtained by Dr. Willem Rudolfs, who 
had conducted similar tests in New 
Jersey with this chemical some years 
previously. 


Field Tests 


Before proceeding with the mechan- 
ics of the application of the chemical 
to the sewer system, the extent of the 
various problems involved will be bet- 
ter appreciated if certain pertinent 
facts relative to the sewer system of the 
city of Los Angeles are given. The 
city has an area of approximately 450 
square miles. Serving this area is a 
pipe line system over 3,000 miles in 
length, varying in type and size from 
6-in. vitrified clay or cement pipe to 
10%- by 12-ft. tile-lined semi-elliptical 
conduit. The longest flow, including 
the main outfall sewer, is over 55 miles, 
and the sewage which originates near 
Canoga Park in the upper San Fer- 
nando Valley requires 18 hours to 
reach its point of discharge at Hyper- 
ion. There are approximately 25 main 
intercepting trunk lines which dis- 
charge into the outfall at various loca- 
tions along its route through the city. 
Appurtenant to this system are 20 sew- 
age pumping plants and four ventilat- 
ing plants. The estimated value of 
the entire system is $80,000,000, at pre- 
war construction costs. The average 
daily flow of sewage at Hyperion is 
165 m.g.d. 
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Having previously installed the dos- 
ing barrels at the locations designated, 
the application of the chemical was 
started in February, 1946. <A shock 
dose of 5 p.p.m. for the 24-hour flow 
in each trunk line involved was con- 
tinued for 3 days. Subsequent dosage 
has varied from 1 p.p.m. up to 3.5 
p.p.m. for a period covering the sum- 
mer months. 

The entire program of application, 
insofar as equipment was concerned, 
was inexpensive and simple. During 
the first weeks of introduction, 30-gal. 
wood barrels with an ordinary %-in. 
gas cock installed near the bottom 
were inserted in the selected sewer 
manholes and so placed over the chan- 
nel to permit the drip of the greatly 
diluted Cloroben from the petcock to 
enter directly into the flowing sewage. 
The petcock was regulated so that the 
liquid would last over the 24-hour 
period. Sewer manholes which were 
near fire hydrants were obviously se- 
lected as a matter of convenience in 
getting water for dilution. As Cloroben 
has a certain sticky quality, it was 
found that to obtain a uniform rate of 
discharge it should be diluted in the 
ration of not less than 1 to 4. 

Gradually, as the program pro- 
gressed, the 30-gal. barrels were re- 
placed by auxiliary manholes placed 
adjacent to the sewer manhole. These 
new chambers each had a capacity of 
125 gal. thereby permitting greater 
dilution of the chemical and a more 
uniform and reliable flow of the mix- 
ture into the flowing sewage. A %-in. 
pipe was placed between the two man- 
holes, with the regulating cock located 
in the sewer manhole. To service some 
50 dosing chambers each 24 hours, 
routes were mapped and assigned to 
the various two-man crews who pre- 
pared the required dosages for each 
location. The chemical is non-toxic, 
but will produce a smarting of the eyes 
if the concentrated raw material is 
brought into contact. 
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Results 


As the original intent of the use of 
the chemical was for the reduction of 
the bacterial count in the ocean waters 
adjacent to Hyperion, it was noted 
during the following months, by daily 
sampling of the shore waters at 22 sta- 
tions along the beach, that reasonably 
satisfactory results were being ob- 
tained. However, as the physical con- 
dition of the ocean water (suspended 
solids) could not be changed (which 
will continue until the proposed treat- 
ment plant at Hyperion is completed), 
the State Department of Public Health 
has been reluctant to release any por- 
tion of the quarantined area. 

While the dosing continued, certain 
beneficial effects were noted to be oc- 
curring within those lines receiving the 
chemical. These facts were substan- 
tiated by a periodic inspection of the 
interior of the pipe and of the appur- 
tenant structures. The amounts of 
total sulfides in the sewage were also 
ascertained. The improvements noted 
to date are as follows: 

1. Reduction of Sulfides 

For some years past, periodic tests 
have been made of the sewage at vari- 
ous key manholes throughout the city. 
These records indicate from 1.5 to 25 
p.p.m. of total sulfides present in eer- 
tain of the trunk lines. The sewage at 
Hyperion consistently indicated from 
5 to 10 p.p.m. Since the introduction 
of Cloroben, tests made with the La- 
Motte-Pomeroy Sulfide Indicator show 
as low as a trace, and not over 1.5 
p.p.m. of total sulfides present, even at 
Hyperion. This same reduction was 
experienced by the city of Long Beach, 
where an identical method of applica- 
tion of Cloroben was used. Sewage 
flows containing from 5 to 9 p.p.m. of 
total sulfides were reduced to less than 
1 p.p.m. 

To reduce H.S in the atmosphere in 
the outfall sewer, four ventilating sta- 
tions had been constructed during the 
previous 10 years at various points 
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along the route. The stack sewer air 
discharged at the largest ventilator on 
the outfall sewer carried as high as 
50 p.p.m. of H.S. Following the treat- 
ment of the sewer lines with Cloroben, 
the operation of all ventilating stations 
has been stopped, with a resulting sav- 
ing at the rate of $20,000 per year. 
Exposure specimens, placed in the in- 
let chamber of the Centinella siphon, 
were reported by the Bureau of Stand- 
ards as being dry and showing little 
evidence of corrosion following months 
of exposure there. Sewage odors in 
and about sewage pumping plants and 
at Hyperion have been noticeably re- 
dueed, much to the relief of the operat- 
ing personnel. The quantity of Cloro- 
ben required at the upper end of a 
trunk line is easily ascertained by the 


total sulfide content at its lower 
terminus. 

2. Reduction of Slimes 

Past examination of sewer lines 


showed stringers of slime either hang- 
ing from the soffit of the pipe or cling- 
ing to the sides at the water level. The 
surface of the pipe just below the water 
level was covered with slime growth. 
Inspections now indicate that a certain 
amount of sloughing has taken place 
in the area below the water line. The 
stringers at the soffit and at the water 
edge are no longer discernible. Sam- 
ples of the slime, when introduced into 
lactose broth, are inactive and will 
produce little, if any, gas. Cloroben, 
as stated before, has a ‘“‘sticky’’ qua- 
lity, which adheres to the slime and 
apparently accounts for the gradual 
killing off of the slime growth below 
the water line. 

As slime and sludge deposits are 
strongly suspected as the main source 
of H.S generation (Pomeroy and Bow- 
lus; THis JouRNAL, 18, 4, 597; July, 
1946), the reduction of total sulfides 
in the sewer lines is readily under- 
stood. Inspections were made at the 
same time in trunk lines from adjoin- 
ing cities, which discharged into the 
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outfall. These lines had not been 
treated and the slime conditions were 
found comparable to our lines prior to 
the introduction of Cloroben. 


3. Reduction of Moisture in Structures 


One of the outstanding changes 
noted was the drying of the interior 
walls on trunk lines and the outfall 
sewer. Previously, when inspecting 
the north outfall, it would be impos- 
sible to see for any distance due to the 
foggy condition of the atmosphere 
within the sewer. One is now able to 
see very clearly, with the aid of a large 
light, several hundred feet or to the 
next bend. During inspections, gas 
masks were not required even though 
a person remained in the sewer for 20 
to 30 minutes. All tile liners above 
the water line were dry to touch and 
the filler between the tiles was firm, 
not spongy. When field tests were 
made to ascertain the quantity of mois- 
ture and acid present on the surface 
of the outfall sewer, the results were 
practically negative. 

The large ventilating station, which 
formerly exhausted air from six miles 
of the outfall, was operated for a while 
following a long shutdown. In the 
past, the moisture would literally pour 
down from the exhaust stacks, but dur- 
ing the trial operation no indication of 
moisture was present. Manholes on 
the trunk lines, which had formerly 
been quite wet, were now perfectly 
dry. The same drying effect was re- 
ported by D. R. Kennedy of Long 
Beach following his use of Cloroben. 
This drying of the interior of the 
structures and large lines has been 
phenomenal. More definite conclusions 
as to the cause of this drying will only 
be obtained through further experi- 
mentation and observation. 


Other Control Measures 


To augment the above program, the 
sewer maintenance division has insti- 
tuted a planned program of laboratory 
control of pipe line preservation, and 
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an industrial waste program of control 
and inspection to protect the sewers 
and to eliminate underground water 
pollution, and thus eliminate those ma- 
terials which will cause deterioration 
of the sewer pipe and structures or 
contribute to excessive hydrogen sul- 
fide generation in the sewage flow. 
Such a program will also result in ob- 
taining better sewage treatment plant 
operation. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


CoNbDUCTED BY LERoy W. VAN KLEECK 


I have but one lamp by which my feet are guided; and 
that is the lamp of experience. I know of no way of 
judging the future but by the past. 


—Patrick Henry 


Twelfth Report of the Minneapolis-St. Paul Sanitary District for the 
Year 1944 * 


By G. J. Scurorprer, Chief Engineer and Superintendent (Now Professor 
of Sanitary Engineering, University of Minnesota) 


Knowledge of Use of Garbage Grinders 
Desirable 


The following appeared among other 
notes from the minutes of the Board of 
Trustees at its meeting of Sept. 11: 


“The chairman stated that he believed, 
and it was the consensus of the Board, as 
well as the Chief Engineer, who reported it 
was also the opinion of the sanitary engi- 
neering experts with whom he had con- 
sulted, that nothing should be done to pre- 
vent or discourage the use of garbage 
grinders; rather, that it was a matter for 
the cities to act upon by either requiring 
that dealers engaged in the sale of garbage 





*For the last previous extract see THIS 
JOURNAL, 17, 3, 619 (May, 1945). 


grinders be licensed or that they be re- 
quired to report the sale of garbage grind- 
ers to the Building Inspectors’ Offices of 
the two cities, so that permits for their use 
could be issued for a fee; also, that pos- 
sibly some additional charge in the way of 
sewer rental be established for the in- 
creased load and demand made upon the 
Sanitary District’s Plant to dispose of the 
earbage grindings.” 


(Abstractor’s note: This suggestion 
seems timely, as the sale of garbage 
erinders will certainly increase in the 
years immediately ahead. All cities 
and towns should for the present at 
least have a record of the users of these 
devices for future reference. ) 








Atvention, operators! Superintendents of all sewage treatment plants, large or 
small, are invited to forward copies of their annual reports to LeRoy W. Van Kleeck at 
the Connecticut State Department of Health, Hartford, Conn., for extracting in this 
section of the JouRNAL. Carbon copies of typewritten reports will be returned on request. 
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Screw Conveyors in Grit Chambers 
Repaired 


An interesting method of repair was 
employed on the 38-ft. serew conveyors 
which elevate and wash the grit prior 
to discharge on conveyor belts. After 
514 years of service, the blades on the 
screw conveyors were worn as much as 
1% in. Instead of purchasing new 
sections of conveyor, the blades were 
built up by welding on extensions to 
return them to their former depths. 
This method of repair was considerably 
more convenient and economical than 
purchasing new conveyors. 

Settling Tank Performance 

With an average detention period 
during the year of only 1.2 hours, as 
compared with a possible detention 
period of about 3 hours at present 
flows, the average removal of sus- 
pended solids by the tanks was 68 per 
cent and of the 5-day B.O.D. 39.9 per 
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cent. (Abstractor’s note: One factor 
in this remarkable removal with short 
detention is the relatively strong raw 
sewage received at the plant. See 
Table 1.) 


Calcium Carbonate in Vacuum Filter 
Pipes Removed 


A method was developed for the © 
easy cleaning of the many small filtrate 
lines within the vacuum filters. These 
l-in. lines would become encrusted 
with calcium carbonate to the point 
that their ability to remove the filtrate 
was reduced. The method employed 
in cleaning these lines was an interest- 
ing one. To remove all of the piping 
from within—approximately 650 ft. 
per filter—would have been a lengthy 
and expensive undertaking. Instead, 
a dilute solution of hydrochloric acid 
containing an inhibitor was placed in 
the filter pan and this acid pumped 
through the blow line on the filter head. 


TABLE I.—Summary of 1944 Operating Data, Minneapolis-Saint Paul Sanitary District 


Item Average 

Sewage flow, ave. daily (m.g.).... 122.2 
Population, design in 1945....... 910,000 
Screenings (cu. ft. per m.g.)...... 0.95 

TetalSOUGS (CG) iac-0sisiess 3's 16.0 

Volatile solids (%) « <s060% 65 85.9 
Grit: 

OSG ig ole) os a ra 4.4 

Argued SOUS (95) 5 «03/5 5 Sales. 3c 85.0 

Volatile solids (%)............ 10.0 
pH: 

LED Oe Re a eo Eee Ce 7.5 

MEN suisse thaws eso acess 7.5 
Dissolved oxygen: 

RT ADS) 505 oc ao o's Sa aaa <0.5 

Settled effluent (p.p.m.)....... 3.25 
Settling tank detention (hrs.).... 1.2 
B.O.D.: 

RAW GDA nco5 os os eae 175 

Metled: (044R.) . 666.6 sas 105 

Per cent removal............. 39.9 
Suspended solids: 

RW (AD,) <6 ose ee 285 


Sinise E10) 10) a re 91 


Per cent removal............- 68.0 
Settleable solids: 

Raw, (alien liter) 6.6...c'ss sili 6.9 

Settled (ml. per liter)......... 1.3 

Per cent removal...........-- 79.2 





Item Average 
Analysis of sludge: 
pH of raw sludge............. 6.2 
pH of conditioned sludge (fil- 
SEGUE asiea 2 eid eoareoa eee 8.9 
Total solids in raw sludge (%). . 7.78 


Total solids in thickened sludge 

| Reis viens 9.01 
32.4 
Volatile solids in raw sludge (%) 66.2 
Sludge filtrate, suspended solids 


(25 0-111) aera ee 97 


Raw sludge, ave. (g.p.d.)........ 834,000 
Thickened sludge, ave. (g.p.d.)... 247,700 
Conditioning tanks, detention 
"G11 eee eee ne aa 7 
Conditioning chemicals: 
POP GONU ORO. 6d o.0 2s ik a dicien 2.71 
PORCONU POWs. «5 sic%sk ee os.en 1.16 
Filter cake: 
Wet tors per month.......... 292.6 
Dry tons per month.......... 94.7 
Filter rate: 
Lb. wet per sq. ft. per hr....... 10.7 
Lb. wet per sq. ft. of filter area 
[1170 | Sa es a a ee 0.87 
Cost of plant operation and main- 
VOWMANCE COTAES 66.5 656:¢: hess e's $296,375.76 
Per m.g. sewage treated....... $7.05 


Per ton dry solids removed. ... $7.20 
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The filter was revolved during this pro- 
cedure and the spent acid issued from 
the openings on the filter drum and 
returned to the filter pan. With this 
method a filter could be easily cleaned 
in several hours time with a relatively 
small amount of labor. In addition, 
the revolving of the filter in the acid 
bath served to remove the carbonate 
build-up on the drum itself and on the 
screen. 


Vacuum Filter Cloth Washing Method 

Changed 

As early as 1942 a method of wash- 
ing was developed which did not re- 
quire removing the filters from service. 
Instead of at the usual location on the 
far side of the filter near the take-off 
plate, the wash-water pipe and nozzles 
are installed immediately below the 
top edge of the take-off plate, so that 
the washing operation is done in the 
section of the drum between the take- 
off and the submergence in the sludge, 
which section is not utilized in the 
usual installation. A trough suspended 
immediately above the sludge level re- 
turns the spent wash water to the over- 
flow basin on the filter. 

Early in 1943, apparatus permitting 
of this method of washing was installed 
on an experimental basis on filter No. 4. 
The experience with this temporary in- 
stallation led to further development 
work to overcome the difficulties en- 
countered, which were purely of a me- 
chanical nature and not in operating 
principle. The washing device was in- 
stalled on all remaining filters early 
in 1945. 

Experience with the washing device 
indicates that very material savings 
in the quantity of chemicals required 
for conditioning can be effected by 
washing continuously. The 1945 An- 
nual Report will contain information 
covering these savings. In addition to 
the savings in conditioning chemicals 
required, the installation of the wash- 
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ing device has the advantage of, in 
effect, adding one more filter to our in- 
stallation. The saving results from the 
fact that it is not necessary to remove 
a filter from service for washing six or 
more times per day. Furthermore, it 
is possible to maintain much more uni- 
form tonnage because of removing the 
necessity of taking filters out of ser- 
vice for washing. As an added ad- 
vantage the quality of sludge of the 
filter cake from a moisture content ba- 
sis is much more uniform, since after 
every washing, sludge of high water 
content is produced which resulted in 
upsetting the operation of the incinera- 
tors. An expenditure of $3,000 to re- 
vamp all of the vacuum filters has 
been proven to be well justified. 


Degree of Sewage Treatment Increased 
During Year 


Chemical treatment of the sewage 
as a means of increasing the degree of 
treatment was not required during the 
year. However, during the months of 
January and February, 1944, the navi- 
gation pools in this vicinity were 
lowered in the interest of maintaining 
satisfactory stream flow in the vicinity 
of St. Louis. To offset the expected 
deleterious effects on the lower river 
caused by pool lowering, the degree of 
treatment provided in the plant dur- 
ing these months was increased by 
utilizing all of the settling tanks and 
providing a detention period of about 
2.5 hours, as compared to the ordinary 
detention period during favorable 
stream flow conditions of approxi- 
mately 1.0 hour. By reason of the com- 
bination of the higher degree of treat- 
ment and favorable river flows main- 
tained by the release of water from the 
headwater reservoirs, oxygen condi- 
tions in the river below the plant were 
maintained at very satisfactory levels. 

Table 1 is a summary of operating 
data for the year 1944. 
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Fifth Annual Report of the Gary (Ind.) Sanitary District (1945) * 


By W. W. Matuews, Supt. 


Use of Sludge Gas as Source of Power 


Sludge gas was available usually 
when needed with the result that the 
value of gas used in 1945 was $22,784.43, 
which is the highest to date. Con- 
versely, the power bill was the lowest 
for any one year, amounting to 
$10,833.24. 

From 1941 to 1945 inclusive, 276,- 
046,000 cubic feet of gas were pro- 
dueed, which had a value in terms of 
power of $109,808.68. This is approxi- 
mately 31 per cent of the cost of opera- 
tion of the plant in which it was pro- 


dueed. It is evident from the above 





* For last extract see THIS JOURNAL, 18, 2, 
325 (March, 1946). 


totals that real economy in plant opera- 
tion can be effected through the utiliza- 
tion of sludge gas as a source of power. 
It has been an important contributing 
factor in economical operation of the 
Gary sewage treatment plant. 


Brief Description of Plant 


The plant is an activated sludge, dif- 
fused air type separate sludge diges- 
tion. Garbage grinding equipment is 
included as part of the plant but has 
not yet been used. Design is based on 
a flow of 40 m.g.d. or 170,000 popula- 
tion. The plant was constructed in 
1939-40 and placed in operation on 
August 23, 1940. Total cost of plant, 


TABLE II.—Summary of 1945 Operating Data, Gary Sanitary District. 


Item Average 
Estimated population served. . . 100,000 
Sewage pumped (m.g.)......... 7,120 
Average daily pumpage (m.g.).. 19.51 


Suspended solids removed (Ib.).. 17,869,388 


5-Day B.O.D. removed (lb.) 8,730,784 
Gas production (cu. ft.)....... 56,198,580 
Ave. daily gas production (cu. 

1) a en ee ON ee ee 153,969 
Value of gas used ($).......... 22,784.43 
Reduction in suspended solids 

Lethon SO Ne ene ea cea 9 98 
Reduction in 5-day B.O.D. (%) 94 
Cost of operation ($): | 

Loh REL 9.85 

ESC ye 0.70 

Per 1,000 lb. B.O.D. removed 8.03 
Cu. ft. of air used per gal. sew- 

MEE en rae a uri ise te WS OAS rk 0.49 
Gas production: 

Cu. ft. per day per capita.... 1.54 

Produced per lb. solids added 3.09 

Produced per lb. volatile solids 

BRAOG 32 sd cinis sia sions cise shee ss 5.97 
Screenings removed (cu. ft. per 

WIPE oa hss ols so Sloss Bassas a) 0.16 
Grit removed (cu. ft. per m.g.). 7.6 
Suspended solids in mixed liquor 

COS 021 | a ea Re 1,054 
SHARE ANUEN. 5.5. Assi este ses 81.6 
Suspended solids in return sludge 

Coy TT 11 ) A ee See ececnnea 3,907 
Per cent of return sludge....... 36 


Aeration period (hr.).......... 4.9 


Item Average 
Secondary settling period (hr.) . 3.4 
Secondary settling (g.p.d./sq. ft.) 647 
Raw sludge: 
Per cent total dry solids. .... 4,2 
Per cent volatile dry solids... 53 


Gas analysis (%): 


Carbon’ Gioxide. ... «25. 46.40 28 
ORO ood. o lise a ca. eee 0.02 
Methane........:..... a 67.5 
PU VQROGON ose. 8.45.07 Hs 0163 3.3 
[\ . @eNEUO OD eles idsn. aco. ccsyels wae 12 
| Gas heat values (B.t.u.): 
1 he ee a a rr 680.7 
ROR taal sre ats cdo da es 752.8 
Total gal. digested sludge drawn 
POMS eo fore Joss caren Secghhc 7,678,240 
Digested sludge: 
Per cent total solids... . Due 
Per cent fixed solids......... 51.1 
BYERS ore eect eine nee e's ais 
Total bacteria per ml.: 
UL WaeGWHROr oo ie fodsiees trea 943,600 
Binal ehiwent.. 6... ¢.6.5.<2.< Pe 214,300 
B. Coli-M.P.N. per 100 ml.: 
UAW ROWED. . o Gecle seen ss cs 4,218,182 
jp 124 G0 13 5 11 153,273 





Grand Calumet River data: 
14 mile upstream: 
BSC Fo) 071 ea ear 5.0 
B.O.D. (p.p.m.). . 4.6 
14 mile downstream: 
PP OF Pas) i0852 x es eae 5.2 
B.O.D: (ppm.)... 4.0 
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including garbage grinding equipment 
and structures, was $1,901,793.57. The 
plant site, approximately 52 acres, was 
purchased at a cost of $40,000.00, and 
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provides room for expansion when 


needed. 
Table 2 is a summary of the 1945 


operating data. 





Annual Report of the Tri-City Sewage Treatment Plant (Pasadena, Calif.) 
for the Year Ended June 30, 1946 * 


By WiuurAm A. ALLEN, Superintendent 


Sludge Disposal 

Disposal of excess activated sludge 
through the facilities of the Los An- 
geles County Sanitation Districts con- 
tinues to be a very satisfactory solution 
to this problem. 


Abandonment of Works Indicated 


Mr. Charles Gilman Hyde, consult- 
ing engineer, states in part in the con- 
clusion of his report on the continu- 
ance of this plant: 


“All of the estimates of annual costs and 
all other considerations lead irresistably to 
the conclusion that the Four Cities (Pasa- 
dena, Alhambra, South Pasadena and San 
Marino, Calif.) should abandon the Tri- 
City treatment and disposal works and, as 
County Sanitation District No. 16, join 
with Sanitation Districts Nos. 1, 2, 3, 5, 8, 
15 and 17 in the proposed joint sewerage, 

* For last extract see THIS JOURNAL, 18, 3, 
554 (May, 1946). 


sewage treatment and ocean disposal enter- 
prise. It is recognized that the scrapping 
of any going concern is psychologically 
difficult. But it must be remembered that 
the Tri-City plant for the most part has 
already served through the period of useful 
life ordinarily assigned to that type of 
process and to the physical plant which is 
appurtenant thereto. 

Even under the most adverse assumptions 
as to relative cost of treating the sewage in 
the two plants under discussion, the cal- 
culated savings in annual costs to be ef- 
fected by the County project over the Tri- 
City project are impressive.” 


Table III is a brief summary of the 
1945-46 operating data. 


TABLE III.—Summary of 1945-46 Operating 
Data, Tri-City Sewage Treatment Plant 


Item Average 

Av. daily sewage flow (m.g.)...... 11.7 

Suspended solids reduction (%) . 87.5 

B.O.D. reduction (%)....:........ 90.5 
Operating cost, total ($)........... 94,537.69 
22.14 


Re ME WE) os os obs eee 


Annual Report of the Sewage Disposal Commission of the City of New 
Britain, Conn., for Year Ended March 31, 1946 * 


By Joun R. SzyMANSKI, Supt. 


Description of Plant 


The treatment process (Guggenheim ) 
ineludes bar screens, Triturator, grit 
settling tank, Parshall flume, dosing 
tank, aeration and mixing tanks, final 
settling tanks with sludge return to 
aeration tanks. 

The sludge treatment and disposal 


* For last extract see THIS JOURNAL, 18, 4, 
741 (July, 1946). 


units consist of sludge aeration and 
storage tanks, chemical conditioning, 
vacuum filtration, incineration or la- 
eooning. 

The plant was officially placed in 
operation on May 1, 1937. It was de- 
signed to handle 9 m.g.d. The plant is 
estimated to be serving at present a 
population equivalent of 80,000. 

Table IV is a summary of the 1945- 
46 operating data. 
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TABLE IV.—Summary of 1945-46 Operating Data, New Britain, Conn. 


Item Average 

Population served, equivalent... 80,000 
Sewage flow (m.g.d.).......... 9.95 

Daily max. (m.g.d.)......... 12.5 

Darly min: (mig:d.)........... 7.0 
Screenings removed (cu. ft. per 

oC ee ee oe 1,754 
Grit removed (cu. yd. for year). . 160 
Primary settling, detention (hrs.) 1.0 
Grease skimmings removed (cu. 

PE au) 2) A 842 


Chemical dosing: 
Lb. copperas per mon. (when 


VS: DSS an oe eee a 31,000 
Lb. chlorine per mon......... 6,054 
Lb. Ferrisul per mon. (wher 
fo ap Oe eS 34,367 
Air used (cu. ft. per gal. sewage) 0.13 
Per cent of returned sludge...... 10.3 
Excess sludge wasted to primary 
tanks: 
Mig. per month. 6.5. <5 oss: 3.08 
Air used for returning sludge by 
air lifts: 
Mil. cu. ft. per month....... 17.9 
Primary sludge removed for 
filtering (gal. per mon.).... 612,584 
Chemicals for conditioning of 
sludge: 
FeCl; (Ib. per mon.)......... 12,044 


Wet Prestolime (lb. per mon.). 135,658 





Item Average 


Vacuum filters: 


Days run monthly.......... 19 

Hours run monthly......... 414 

Lb. wet filter cake produced, 

GOUAETOO YP i iii ad Sel ntais 16,953,590 
Lb. dry solids in cake, total 
HOR tcc lec: 6,178,120 

Rate (Ib. per sq. ft. per hr.)... 6.2 
Ash produced from sludge burn- 

ing, total (cus it.) 2s... <<. 39,410 
Fuel oil used for heating and 

sludge incineration, total (gal.) 57,652 
Suspended solids (p.p.m.): 

RON Gs S FS oe Sree Cate e eines 238 

Primary influent............. 315 

Primary effluent............ 179 

WISER INOUOEs .. <5.5 6 ifsc cc se bee 1,140 

PinAPGHIMCRG: ©6500 6586666 40 
5-Day B.O.D. (p.p.m.): 

POO en ota has a 184 

Primary influent... ......... 227 

Primary effluent............ 157 

Bmabemuent.............6.. 48 
Total iron (p.p.m.): 

DS ee ee ae ene 31 

Primary intiment. :...6...... .... 35 

Primary emiuent.. ............. 19 

WAU GHIONG 2 010 35 6h 8 ss 7 


Expenditures (dollars)*........ 90,632.47 
Per m.g. for operating ex- 


PONGIGUTES... 6. 2654086 sa 24.95 


* Includes $4,375.00 interest on bonds and $10,000 payment on bonds. 


Annual Report on the San Diego, Calif., Sewage Treatment Plant for Fiscal 
Year 1945-46 


By Eric V. Quartiy, Supt. 


Sewage Treatment 


Throughout the year the sewage 
treatment plant continued to give pri- 
mary treatment to the domestic sewage 
and industrial wastes from the cities 
of San Diego, La Mesa, National City 
and the Naval Air Station at North 
Island. 


Comminutors 


The two comminutors have been 
operated continuously throughout the 
year. Cutter teeth have been sharp- 
ened and replaced on an average of 
every 90 days and it has also been nec- 
essary to replace all of the stellite 
combs on both machines at consider- 
able expense. The efficiency of these 


two machines has not been as high as 
anticipated and numerous partially 
shredded rags pass through the slots, 
although this condition has been reme- 
died somewhat by changing the manu- 
ally cleaned bar screen openings from 
334 in. to 154in. (Abstractor’s note: 
From the comments concerning grit re- 
moval it would appear that much of 
the comminutor trouble might be laid 
to inadequate grit removal. Other 
plants have been troubled by lack of 
grit removal or placement of machines 
ahead of instead of following the grit 
chambers.) 


Grit Removal 


The detritor has been operated con- 
tinuously during the year but the over- 
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load on this unit has been so great that 
the efficiency of the detritor has been 
exceptionally poor, with a result that 
grit and sand throughout the plant has 
been a major problem, especially in the 
heat drying system where the abrasion 
from this material has necessitated ab- 
normal and expensive maintenance. 

Grit recovered from the detritor is 
broadcast daily in designated areas on 
the plant grounds, and sprayed with 
DDT for fly control. 


Sludge Digestion 


Heating of the digesters has been ac- 
complished entirely by the use of live 
steam injection into the raw sludge 
prior to entry into the digesters. Dur- 
ing the year considerable improvement 
has been made in the method of apply- 
ing steam to the sludge. Steam is now 
applied in a ‘‘constant level’’ concrete 
box equipped with an overflow weir. 
Sludge pumped to this box is heated 
by steam at approximately 3 to 4 p.s.i., 
applied through four 4-in. vertical per- 
forated pipes; the heated sludge then 
flows from the box over the weir and 
to the digesters by gravity. 


Chlorination and Odor Control 


Application of the chlorine and fer- 
rous chloride to the raw sewage for 
control of odors and generation of hy- 
drogen sulfide has been continued 
throughout the year. Ferrous chloride 
feed rate has been governed in propor- 
tion to hydrogen sulfide concentration 
as determined by laboratory analysis. 
Iron for the Seott-Darcey process has 
been obtained by use of shredded tin 
eans purchased from a local vendor in 
carload lots. 

Fertilizer 

During the year, 1,247 tons of ferti- 
lizer were produced by the plant for 
use mostly in citrus groves, sugar beet, 
bean and potato fertilizing and with a 
smaller quantity used by nurserymen 
and home gardeners. Fertilizer has 
been sold for $17.80 per ton f.0.b. plant 
storeroom in 100-lb sacks, a contractor 
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furnishing the sacks. A typical analy- 
sis of the fertilizer is: organic nitrogen 
—3 per cent; phosphoric acid, total— 
2 per cent; phosphoric acid, available 
—1.25 per cent; potassium—0.27 per 
cent. 


Plant Enlargement 


The Currie Engineering Company of 
San Bernardino has been engaged to 
prepare detail plans and specifications 
for enlargement of the existing plant. 
Work on the plant will proceed as soon 
as material shortages and other diffi- 
culties can be overcome. 

Table V is a summary of 1945-46 
operating data. 


TABLE V.—Summary of 1945-46 Operating 
Data, San Diego, Calif. 


Item Average 
Sewage ow (m¢id.)............. 22.6 
Total operating cost ($).......... 149,814.47 
Revenue from sale of fertilizer ($).. 21,905.77 
Net operating cost ($)........... 127,908.70 
Net cost per m.g., excluding ‘de- 
preciation ($)............... 10.72 
Suspended solids: 
Le CS U8 ee ee a 334 
DUAR COs (i — 111 
Per cent removal.............. 66.9 
Sludge dewatering and drying: 
Hours of operation per mon... .. . 249 
Tons wet cake produced per 
OTR Rene orci Shara eee ee 497.9 
Per cent dry solids in cake...... 25.1 
Cake yield (lb. per sq. ft. per 
BAD re fee Se ees 13d 
Per cent ferric chloride (dry 
2 LTS SR er ee ie ern 6.02 
Per cent moisture in fertilizer. . . . 10.1 
Chlorination and  Scott-Darcey 
Process: 
Lb. chlorine used per mon....... 21,337 
Dosage of chlorine (p.p.m.)..... 3.7 
Lb. per mon. chlorine as FeCl; 
(Scott-Darcey).............. 6,251 
Total lb. chlorine per mon...... 27,588 
Raw sludge: 
ae Cree eee 6.6 
Per cent dry solids............ 5.5 
Per cent volatile solids......... 80.4 
Digested sludge: 
°C PRS ree ee ee 7.3 
Per cent dry solids............ 4.4 
Per cent volatile solids......... 61.8 
Reduction: 
Per cent volatile matter........ 60.6 
Per cent total solids........... 48.6 


Digestion tank temperature (F.°).. ‘96.0 
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COAL TAR PAINTS FOR SEWAGE WORKS 


By M. F. Asrams 


Deceased, Formerly Sales Engineer, Wailes Dove-Hermiston Corp., Westfield, N. J. 


With the exception of a few indus- 
tries using strong chemical solutions 
combined with large quantities of 
water, no more fertile field for cor- 
rosive action exists than in sewage 
treatment plants. Each year corrosion 
takes an enormous toll in maintenance 
work and in damaged equipment. 

No two sewage plants are alike in de- 
sign, and it is doubtful whether any 
two are identical in the quantity, qual- 


ity or temperature of the sewage 
treated. The various treatment plants, 


however, are made up of a number of 
more or less standardized and well 
known units, in different groups or 
combinations and sizes. Except in the 
eases of specialized industrial wastes, 
most of the sewage treated is quite 
similar in its corrosive influences re- 
sulting from the hydrogen sulfide and 
moisture, together with acids, salts and 
treatment chemicals such as chlorine, 
ammonia, ferric chloride and others. 
Climatic temperature differences will 
also influence corrosive action to some 
degree. 

There is in addition to painting 
strictly for preservation the additional 
item of painting for appearance in 
offices and other locations where corro- 
sive action may be negligible or non- 
existent. A very definite line can be 
drawn between purely decorative 
painting and that carried out entirely 
for preservation. There is also a bor- 
derline category of structures, equip- 
ment and areas subject to deteriorating 
and corrosive influences where attra 
tive appearance is also desirable. 
These places will vary widely from 
plant to plant, as will also the degree 
of corrosion attack. 


Planning the Paint Job 


When to paint, what to paint, with 
what kind of paint, and who is going 


. 
to do it, must be considered and, of 
course, the cost ascertained and funds 
provided. In getting the answers to 
these questions, weather conditions and 
plant operation must be considered. 
If there are varying weather condi- 
tions the best time for painting is the 
spring or fall when the excessive heat 
of the summer is avoided and at the 
same time good drying temperatures 
for all paints prevail. Which unit or 
space is to be painted at any one time 
can be determined by availability of 
that portion of the plant, labor condi- 
tions, and operating schedule so as to 
eause the least ineonvenience. The 
length of time required for the paint 
job in question must also be consid- 
ered. 

The choice of paint will also depend 


on the space or unit, upon whether 


preservation only is desired, or if deco- 
ration and cleanliness are the only 
requisites. In the event of a pres- 
ervation job only, the factor of availa- 
bility is an important one. If the 
space or unit is one that can be re-. 
moved from operation, and cleaned 
and painted at relatively frequent in- 
tervals without difficulty, a protection 
of a less expensive but semi-permanent 
type would be the best. If, however, 
plant operation is badly disrupted by 
a shutdown, then the most permanent 
type of coating available should be 
used, even though the expense is some- 
what higher and the shutdown once 
accomplished is a little longer. The 
annual cost of this kind of mainte- 
nanee, considering shutdown opera- 
tions, is frequently cheaper in the end. 
Color in this type of work is unimpor- 
tant. 

Where decoration only is desired, 
permanence is not of too great impor- 
tance, as experience has shown that 
good paint will get dirty almost as 
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quickly as cheaper paints, although 
some of the better decorative materials 
ean be successfully washed. In paint- 
ing offices, laboratories, etc., color is of 
some importance and a subject of con- 
siderable variation in personal prefer- 
ence, but the majority of spaces of this 
type have been painted with gray, 
cream or a light sea green or some com- 
bination of these. The gloss paints 
would appear to be better for this type 
of work than flat colors. 

Where a combination of protection 
and appearance is desired, some care- 
ful consideration must be given to the 
severity of the attack, and then a de- 
cision made as to whether the protec- 
tion required is to be the governing 
factor, or appearance and color scheme. 
This will govern the decision as to 
paint selection in this category. 


Protecting Metal Subject to Severe 
Corrosion 


The most severe of the conditions 
found in the plant will be at sub- 
merged metal equipment or at that in 
closed spaces just above the flow line, 
such as clarifier arms, scum baffles, 
sluice gates, and accessories in the 
clarifiers, also steel shafts for floceula- 
tors and steel paddle carriers, ete., in 


the tanks, including steel air and 
sludge piping, valve rods, screen 
frames, effluent troughs and weirs. 


Also in this group are covered chan- 
nels, including metal areas between 
flow line and cover. These units are 
examples of the type of apparatus 
that is submerged in sewage all or most 
of the time as it passes through the 
plant in successive stages of treatment. 

Observation has shown that unless 
carefully protected, the life of this sort 
of equipment is materially shortened 
by severely corrosive conditions in 
most sewage treatment plants. These 
are the units too, that must be kept in 
uninterrupted operation, if possible, as 
few plants have spare units or capacity 
to enable proper operation to be main- 
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tained while cleaning and painting is 
done. 

When such a job is unavoidable, it 
is frequently at the price of partial 
or inadequate treatment. Therefore, 
when it is done the work should be eal- 
culated to last a maximum term of 
years. Long experience has shown that 
highly effective protection of areas 
subject to extremely severe corrosive 
conditions as described can be ob- 
tained with a cold application of coal 
tar primer followed by a hot applica- 
tion of %¢ in. of coal tar enamel. 

In 1904 and 1910, the city of Glas- 
vow, Scotland, applied coal tar enamel 
to the sludge tanks of their sludge 
barges, and it was reported in 1934 
that this material ‘‘Continues to give 
satisfaction. Periodically examined 
and no surface damage noted.’’ This 
was one of the earliest recorded appli- 
cations of this type. Coal tar enamel 
has been used since 1854 for the protec- 
tion of certain areas on shipboard on 
over 30,000 naval and merchant ships. 
The areas on which it has been used 
have always been those subjected to 
severely corrosive elements. The areas 
consist usually of bilges, tank tops, 
sumps or drain wells where the salt 
water, mixed frequently with cargo 
waste, is quite comparable to sewage in 
its corrosive action. 

Some recent examples of coal tar 
paint applications in sewage works in- 
clude the clarifiers, sludge storage and 
erease removal tanks at New York 
City’s Island plant; clarifiers at the 
Middlesex plant, Bound Brook, N. J.; 
collector equipment of the Elizabeth 
(N.J.) Joint Meeting plant; sludge 
storage tanks at Freeport, N. Y. and 
the oscillating screen at the Canal 
Street screening plant in New York. 
The three sludge boats serving the 
Wards Island plant were given coal 
tar paint applications on the double 
bottoms, sludge tanks and hull inte- 
riors. Sewage conduits have been simi- 
larly protected, such as the raw sewage 
line serving the Maritime ai.d Coast 
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Guard Training Station at Sheepshead 
Bay, cast iron sewer mains of the 
Westchester Sanitary Sewage Com- 
mission and the discharge heads and 
connecting cast iron piping at the 
Coney Island plant of New York City. 


Applying Coal Tar Paints 


It is hardly necessary to go into de- 
tail regarding the composition of coal 
tar primers and enamels, other than to 
say that the primer is a liquid coal tar 
compound with a volatile solvent which 
is applied like ordinary paint, looks 
like a black varnish when applied and 
dries in from 12 to 24 hours, depend- 
ing upon weather conditions. The coal 
tar enamel is a specially refined and 
processed coal tar pitch, with the ad- 
mixture of certain fillers and _plasti- 
ecizers to give it the necessary qualities 
of temperature resistance and ductility. 

This enamel is manufactured as a 
solid, is melted in a roofer’s tar kettle 
and, when applied at proper tempera- 
ture over the primer, is fused to the 
primer to effect a strong bond between 
the enamel and metal. The proper 
thickness of approximately ce in. pro- 
vides a coating many times thicker 
than any possible combination of li- 
quid paints, and the inert properties 
of the coal tar enamel provide excel- 
lent protection against penetration of 
moisture, gases or chemicals to the 
metals, and hence corrosion is resisted. 
Temperature range between sagging 
and eracking in atmosphere is —10° to 
160° F., or in liquid up to about 
115° F. 

Any material or equipment is only 
as good in use as its application or in- 
stallation. Coal tar primers and en- 
amels are no exception to this rule. 
Inasmuch as the enamel is applied at 
about 450° and hardens in a matter of 
seconds, unfortunate results have more 
than once been obtained where good 
intentions took the place of skill and 
experience. A much better job is as- 
sured, and in the long run the cost will 
be less, if this type of work is carried 
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out by thoroughly skilled and experi- 
enced workmen. 

Too much emphasis cannot be placed 
on the cleaning of surfaces to be pro- 
tected with coal tar enamel. With this 
type of protection the whole success of 
the work may depend on the cleaning, 
as this enamel cannot usually be suc- 
cessfully applied over old paint, and 
never Over grease, rust or moisture. 
Therefore, to prepare the steel for 
treatment with enamel, every possible 
particle of foreign matter must be 
removed. 

When possible, the best method is to 
rough scrape to remove grease, sludge, 
loose seale, etc., paying particular at- 
tention to corners, joints, rivets, ete. 
in fabricated structural work. Then, 
if possible, sand blasting will give the 
best results. The next best method is 
power chipping and wire brushing and, 
if this cannot be done, then a thorough 
hand scraping, chipping and wire 
brushing. Unusual attention must be 
paid to cleaning fabricated work, par- 
ticularly around rivets, angles and 
joints. In any event, this type of coat- 
ing should be applied to a bare dry 
metal surface. When properly carried 
out, the owner will be well repaid for 
the trouble and expense involved in the 
proper preparation of surfaces. 


Cold Coatings 


There are some parts of the plant at 
which repainting and maintenance can 
more easily be carried out than on 
those areas on which the hot enamel 
is most desirable, but where at the 
same time a corrosive condition of more 
than ordinary proportions exists due 
to gases, moisture, ete. Examples of 
such equipment would be the frame- 
work of bar screen and vacuum filter 
equipment, floating covers on digesters, 
cans, wheelbarrows or cars for handl- 
ing sludge and screenings, and a great 
many other pieces of equipment or 
structures which are subject to severely 
corrosive conditions but which can be 
spared for occasional cleaning and 
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painting without disturbing plant op- 
erations. There will naturally be bor- 
derline cases where it is difficult to 
choose between the more permanent 
but more expensive hot enamel and the 
semi-permanent, but more easily and 
cheaply applied cold coating. 

On these areas where the cold coat- 
ing of a semi-permanent nature is 
chosen, tests and actual application 
over the past ten years show that a 
heavy coal tar base paint having a 
thixotropie property or ‘‘false body”’ 
gives superior results. This type of 
paint has the same inert base as the 
coal tar enamel and the same high re- 
sistance to moisture, fumes and gases. 
When properly applied in two coats 
it has a thickness of between %2 and %s 
in. (two coats at 100 sq. ft. per gallon 
per coat is a good measurement), and 
will give good protection where hydro- 
gen sulfide and similar elements are 
present. 

Cleaning for cold applications should 
be thorough to remove loose rust, paint, 
oil, grease, sludge, ete. Where old paint 
is thoroughly aged, however, this cold 
paint ean be successfully applied over it. 
This type of coating appears to be a 
thin jelly in the container but when 
thoroughly stirred quickly changes to 
a liquid. It brushes easily but no at- 
tempts should be made to spread it 
thinly as would be the case in an ordi- 
nary paint job. The proper method is 
to flow it on as thick as can be done 
conveniently with a brush. It is a dull 
or semi-gloss black when dry. 


Application to Concrete 


On concrete surfaces subject to the 
deteriorating action of gases and acids 
in sewage treatment plants, particu- 
larly above water level both in concrete 
pipe and plant structures, coal tar 
coatings have provided the protective 
answer in many instances. Cleaning 
requirements are the same as for metal, 
with the addition th:t the concrete 
should be dried out thoroughly. Any 
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disintegrated concrete should be chip- 
ped out and any cracks cleaned out. 

A primer of the proper coal tar solu- 
tion, thinned with a suitable coal tar 
thinner in proportion of three parts of 
solution to one of thiuner, should be 
brushed or sprayed on. This will dry 
in a few hours. Two coats of the heavy 
coal tar paint to a total thickness of 
between 46 and %2 in. should then be 
applied, as in the case of the steel sur- 
faces. 

Maintenance may be continued by 
applying an additional coat, after 
cleaning, at reasonable intervals when 
other maintenance work is being ear- 
ried out. If this is done there should 
be no reason for concern due to dam- 
age to concrete surfaces. In addition 
to the protection, concrete surfaces so 
painted are much more easily cleaned 
of sludge, scum and grease. Appear- 
anee is generally improved, particu- 
larly on the walls of tanks and channels. 


Areas Subject to Minor Corrosion 


There are areas where there 
is some corrosive influence which could 
not be considered sufficiently severe to 
require unusual or extreme care, but 
at the same time requiring more con- 
sideration than ordinary office or resi- 
dential property. Included in this 
group would be valve stands, railings, 
machinery guards, walkways and sash 
in buildings where there is some escap- 
ing gas, and similar exposures. Here 
a coating is desirable giving good pro- 
tection from the attack of gases and 
moisture, and at the same time having 


some 


an appearance value. 


In this instance two or three coats 
of a first quality black coal tar solu- 
tion is suggested. It provides strong 
resistance to fumes and moisture and 
at the same time has a brilliant black 
gloss finish. This coating is applied 
by brush or spray in the same manner 
as ordinary paint or varnish, and pro- 
vides high resistance to existing gases 
and vapors. 
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As to offices, garages, laboratories, 
ete., Where appearance is the main fac- 
tor, it is safe to say that a good paint 
or varnish supplier can furnish a 
choice of colors and materials. Per- 
haps the synthetic base vehicle paints 
will give the best service for this work. 
It should be repeated that careful 
cleaning and preparation and the use 
of good quality material in this field 
also will be worth while. Trisodium 
phosphate in water does a first-class 
job as a washing solution before paint- 
ing. A cheap paint job is nearly al- 
ways the most expensive one in the end. 


Moist Surfaces 

There is one painting problem in 
sewage works for which up until quite 
recently there has not been any very 
satisfactory solution. That is those 
spaces, areas or items of equipment 
which, due to condensate or other op- 
eration conditions, could be cleaned of 
muck, dirt, ete., but could never be 
thoroughly dried. This is true both of 
many concrete and steel units. In the 
past, painting has at best been difficult, 
many times impossible. If the paint 
stayed on such areas at all, its life was 
short and protection from corrosive 
action was temporary. Peeling usually 
followed quickly after application, and 
the whole process was unsatisfactory. 

The coatings mentioned previously 
have all required a thoroughly dry sur- 
face for successful use. 

There has been produced during the 
last two years a coal tar base material, 
which can be described as an irrever- 
sible coal tar emulsion, that can be ap- 
plied to wet surfaces so long as the 
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wetness does not exist to the point 
where the water is running down. As 
a matter of fact, better results are ob- 
tained with a slightly damp surface 
than with a dry one. In appearance 
and thickness the coating is quite simi- 
lar to the heavy coal tar paint de- 
scribed previously. As a matter of 
fact there will be many instances gg@here 
a choice between these two materials 
would be difficult, particularly on con- 
crete. 

The vehicle of the emulsion type ma- 
terial is water, and it can be thinned 
slightly with water if desired. Appli- 
cation could be either by brushing or 
spraying, at about %s in. per coat. 
Color is a grayish black, dull finish. 

This new product has been applied 
under various conditions, indoors and 
outdoors, subject to many types of 
fumes and dilute acids and alkalis. 
From extensive tests, both laboratory 
and field, it has shown corrosion resist- 
ance and waterproofing qualities very 
favorable in comparison with the heavy 
coal tar paints mentioned early in this 
paper. 

One limitation which might be im- 
portant to sewage plant engineers and 
operators is that this coating must be 
shipped, stored and applied when 
freezing temperatures are not expected, 
as once the water vehicle is frozen the 
coating is spoiled. Once applied and 
dried, no damage would be done by 
freezing. Drying time is quite rapid. 
On a day when there is low humidity 
and temperatures of 60° or better, a 
period of 4 hours would probably be 
sufficient, assuming, of course, good air 
circulation in the zone of application. 
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By Water A. SPERRY 
Superintendent, Aurora (Illinois) Sanitary District 


February 4—No apology is ever neces- 
sary where safety is the subject. We 
cleaned up a serious potential danger 


spot today in the form of a long heavy 
pipe key suspended from a 6-in. gate 
valve on an overhead sludge transfer 
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line and attached to the valve stem 
only by a %-in. set screw. This was a 
veritable ‘‘Damocles’ sword’’ for some- 
one sooner or later. 

A strong bracket, bolted to a con- 
venient roof truss and a pipe sleeve, 
changed this arrangement to a_ per- 
manently safe one. 

February 27—Still thinking of safety, 
we ed on the president of the Dis- 
trict’s Board of Trustees on our way 
to the plant this morning. Among 
other things we showed him a para- 
graph from a recent issue of Engineer- 
ing News-Record, in which was reported 
the recent sewer explosion at Terre 
Haute, Ind., caused by the accidental 
loss to the sewer of 2,000 gal. of benzol 
by a local chemical concern. The blast 
resulted in the complete destruction of 
eighteen blocks of 8-ft. sewer, the total 
loss being estimated by the city engi- 
neer at $150,000. We also mentioned 
that some years ago Grand Rapids, 
Mich. lost four blocks of 4-ft. sewer by 
an explosion resulting from the acci- 
dental loss of cleaning fluid from a 
laundry on the system. It cost the 
laundry $10,000 which was finally paid 
just one hour before court convened 
to try the case. President Bernbrock 
was not only interested, but ordered 
your Logger to rewrite the story for 
the local with appropriate 


papers, 
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admonitions to our industries. Users 
of flammable and explosive materials 
must be reminded occasionally of the 
hazards they may cause—otherwise 
they may become careless. 

March 5—One of the provoking things 
about general plant operation is one’s 
frequent failure to see the obvious and 
do the things that make operation sim- 
pler and/or safer. 

Take, for instance, our Rathbone 
sewer problem. One hundred feet back 
from the mouth of this 8-ft. sewer the 
District’s main interceptor crosses it 
at right angles and in such a way as to 
form a dam about 3 ft. high, since a 
part of the interceptor lies above the 
floor of the Rathbone sewer. The dry 
weather flow collected by this sewer is 
passed to the interceptor through a 12- 
in. elbow, flush with the floor of the 
sewer and on the upstream side of the 
interceptor. Storm flows jump the dam 
to the river but also jam the orifice 
with trash, sticks and rags which must 
be removed many times during the 
year. For years the only approach 
to this trouble spot was by scram- 
bling down a steep bank, grabbing 
at a short wing-wall and attempt- 
ing to get around it without falling 
into the river (Figure 1). It was even 
harder to scramble out. Once inside, 
it was a hazardous journey up to the 





FIGURE 1.—Entrance to the Rathbone sewer interceptor opening in days gone by. 








Vol. 19, No. 3 





FIGURE 2.—New manhole giving access to the Rathbone sewer interceptor. 


interceptor, slipping along in the dark 
on the slimy floor of the sewer. To 
traverse that 100 ft. at times seemed a 
mile. At the end of this unpleasant 
trip it was necessary to poke around 
blindly with a rake until the inter- 
ceptor opening was cleared. 

All this is no more. Cooperating 
with the city engineer, a manhole has 
been cut into the roof of the Rathbone 
sewer just above the dam (Figure 2) 
and an iron ladder fixed in place. Now 
there is safety, light and a quick dis- 
patch of business. What irks us is 
why we did not do this long ago! 
March 12—-This is indeed a red-letter 
day. It contained an unusual and 
pleasant surprise of the ‘‘man bites 
dog’’ variety. A representative of the 
local power utility called to announce 
a new rate schedule applicable to gov- 
ernmental bodies only, giving us a rate 
reduction of more than 10 per cent for 
the current required to operate our 
two downtown pumping stations. The 
new rate is immediately effective. 

In these days of rising prices this 
made an interesting paragraph to add 
to our monthly ‘‘confessional’’ to the 
Board of Trustees. 

March 17—-One’s desk is not the only 
thing that should be straightened up 
now and then. Today we completed a 
2-week session of cleaning up the labo- 
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Note smile. 


ratory. It was a mess for the time 
being, but the results amply justified 
the inconvenience. Everything in it 
was either cleaned, painted, varnished 
or polished. Unused apparatus was 
sorted back to its normal drawer or 
cupboard. Junk was junked and com- 
plete order restored. 

The color scheme was completely 
changed with a new paint job, from 
drab browns and dark tans to a light 
quiet green for the walls and ceilings, 
and dark ivory for the desks and cup- 
boards. The table tops were recoated 
with black ‘‘Tropelite’’ varnish. The 
finished results acted like a tonic. 

Actually this was a must job in anti- 
cipation of the fact that the Aurora 
plant is to be host for two days this 
summer to the annual meeting of the 
Illinois Association of Sanitary Dis- 
tricts. (Here is an honest man! Some 
superintendents who display a spotless 
and glistening plant to convention visi- 
tors hesitate to admit that just a few 
special preparations might have been 
made for the occasion !—Ed.) 

March 20—Some breakdowns are pe- 
culiar and their causes not easy to find. 
One of the day operators reported to- 
day that he had shut down the No. 2 
clarifier mechanism because the motor 
was smoking badly and had locked. 
For some reason the thermal relay had 
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failed to operate. The motor was taken 
apart and fortunately was not found 
seriously damaged. It had obviously 
been running on two phases. 

It was a day or so, however, before 
we finally located the initial cause. 
The Dorr Traction Clarifier has three 
long brass slip-rods through which ecur- 
i passes from the center column to 
thé’motor. The standards supporting 
these rods are bolted to the frame and 
insulated from it by hard fiber rings. 
One of these insulators was found 
badly crushed, causing a short in one 
phase. 

March 31—Engaged in a bit of co- 
operative sewer planning today. 

A local real estate man plans to 
build nine houses on Sherman Ave. 
and six houses on a street crossing 
Sherman and running east and south 
from the intersection. The 30-in. in- 
terceptor in Sherman lays from 12 to 
18 ft. deep in loose gravelly soil, and 
is the only sewer available. No house 
connections with risers were provided 
on this sewer, and lateral trenching 
for so many houses would be both ex- 
pensive and dangerous. 

The trustees approved our sugges- 
tion that this man be permitted to lay 
an 8 in. sewer in a trench 8 ft. deep in 
the parkways of the two streets, with a 
single connection to the interceptor at 
the corner but with the following pro- 
visos: (a) the entire system compris- 
ing about 900 ft. of sewer to be 
trenched in one operation, (b) four 
manholes to be built in the system to 
locate and identify the sewer line and 
for rodding purposes, and (c) the 
house connections to be placed and 
their locations accurately spotted on 
the District’s maps, since all the houses 
were not to be built at one time. 

Thus our client was given a safe and 
economical plan and his clients were 
reasonably protected by.a properly de- 
signed sewer that could be easily lo- 
cated and maintained. 

April 2—Lewis Birdsall and his as- 
sistant, Mr. Barrett, of the Chicago 
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office of the General Chemical Co., 
ealled this morning during our ‘“‘cock- 
tail hour’’ (while we were titrating 
B.O.D.’s). His greeting was inter- 
rupted by an exclaimation as his eye 
lighted on the stoppers in the milk 
jugs we use for storing composited 
samples of sewage for weekly determi- 
nations of total nitrogen and oxygen 
consumed. These stoppers were im- 
provised by using 2-in. sponge rubber 
balls. They answer the purpose very 
well. 

Then he noticed our pet fountain 

pen filling arrangement—a large sized 
fermentation tube clamped to the stan- 
dard of a small ring stand and filled 
with ink, leaving both hands free to 
manipulate the pen. Upon this dis- 
play of interest we had to show him our 
latest laboratory improvement. We 
had replaced the usual rubberized cloth 
cover at our fine balance with a plate 
glass housing. The housing is large 
enough to permit us to work comfor- 
tably at the balance and is enclosed by 
a sliding door for the lower half of the 
front. The utility plate glass pieces 
required were each rimmed with cop- 
per strips formed into a ‘‘U’’ shape. 
The several pieces were then soldered 
together using copper angles. It is at- 
tractive and permanent and cost less 
than $20. 
April 17—Just across the tracks from 
us is being built the largest wallpaper 
printing plant in the United States. 
They plan to work a 20-hour day and 
ultimately to have forty printing ma- 
chines. Some of the buildings are over 
1,000 feet long. 

Since the color body used is a fine 
clay to which is added casein and/or 
protein, togethe: with the color pig- 
ments, this plait will produce a serious 
industrial waste problem. Laboratory 
studies of typical wastes from their 
Chicago plant indicates that the waste 
will carry 8,000 p.p.m. of suspended 
matter, or about 34 tons per million 
gallons. Flow charts submitted indi- 
cate a daily flow of such waste of up- 
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wards of 40,000 gallons. Due to the 
small daily volume discharged no 
B.0O.D studies were made but this value 
is known to be high. It is equally im- 
possible to discharge this load either 
to our treatment plant or to the Fox 
River. When we mentioned this prob- 
lem to Chemist L. 8S, Kraus of the 
Peoria Sanitary District the other day, 
however, he said that he would give 
anything if he had such a waste to help 
settle light sludges in his digesters. 

After several conferences with the 
company officials they were advised 
that they must provide pretreatment 
to reduce the suspended matter to 100 
p.p.m. or less, which gave them a little 
tolerance against those days when their 
treatment plant might be in trouble. 
Fortunately, coagulation studies made 
on the waste show that it coagulates 
nicely with plain alum without pH ad- 
justment, and that a properly designed 
chemical precipitation plant will do a 
good job. 

One of the company’s problems is 
the disposal of the sludge. It has been 
suggested that their research depart- 
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ment study the ‘possibility or reuse or 
conversion into something useful. They 
were further advised to seek the as- 
sistance of properly trained consult- 
ants to plan their treatment plant. 
April 25—Carl Duy, Superintendent 
of the Aurora Water Department 
called today to say that he had a letter 
for us. It proved to be a piece of“di- 
rect mail advertising from the Ameri- 
ean Hot Dip Galvanizers Association, 
Ine. to which was attached a reproduc- 
tion of the lower part of page 729 of 
the July, 1946 issue of SewacE Works 
JOURNAL. Attention was directed to 
our story on hot dip galvanizing as 
practiced in our own shop. 

Which pleases us immensely, because 
we know that at least one subscriber 
to the JouRNAL reads our column! 
April 30—A timely suggestion. Do 
not forget to write to the American 
Public Health Association, 1790 Broad- 
way, New York 19, N. Y., for your copy 
of the water and sewage man’s ‘‘ Bible’’ 
—the brand new (9th) edition of 
‘‘Standard Methods.’’ It is the best 
edition yet and costs $4 plus postage. 


POSSIBLE USES OF DDT AGAINST INSECT PESTS 
ENCOUNTERED IN SEWAGE TREATMENT * 


By Exvton J. HANSENS 


' Research Associate in Agriculture 
New Jersey Agricultural Experiment Station, New Brunswick, N. J. 


The insecticide DDT (dichloro-di- 
phenyl-trichloroethane) is a wartime 
development which has been much pub- 
licized. Results obtained with this ma- 
terial by the armed forces in control of 
human lice, malaria-carrying mosqui- 
toes and various other insects affecting 
man have been spectacular. A large 
number of well written and authorita- 
tive articles have appeared in popular 

* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University, Department of Entomology. Pre- 
sented at 31st Annual Meeting, New Jersey 


Sewage Works Assn., Trenton, March 20-22, 
1946. 


magazines and scientific journals. Some 
of the stories one hears about the chem- 
ical are obviously much exaggerated. 

An extensive report on the early de- 
velopment of DDT is contained in the 
February, 1944, issue of the Journal 
of Economic Entomology (Annand 
et al, 1944). An account of the life 
history of the discovery of DDT is in- 
cluded together with more than fifty 
short notes on results of using the ma- 
terial against a wide variety of insects. 

DDT is different from standard in- 
secticides in one important respect— 
its residual action. If a deposit of 
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DDT is properly applied it will con- 
tinue killing insects which come in con- 
tact with it for as much as a year and 
in some cases even longer. The ma- 
terial is insoluble in water and this 
characteristic is responsible for the 
residual toxicity to a large degree. 

A great deal of research remains to 
be done even though a large number 
of facts have already been amassed 
about the material. It might be well 
to mention a few of the things yet to 
be found out. We need to know what 
the material will do to a large number 
of insect pests on which it has not yet 
been tried. We need to know more 
about how the material will affect other 
animals and plants. We need to know 
whether dangerous quantities will ac- 
cumulate in the soil and bodies of 
water over long periods. We need 
more information particularly about 
the effects of the material on humans 
and possible dangers attendant upon 
its use. There are many other gaps in 
our information which might be cited. 

Our knowledge of the mechanism of 
action of DDT on insects is incomplete. 
Apparently the material is both a con- 
tact and a stomach poison. As a con- 
tact insecticide it affects the nervous 
system. Shortly after the insect rests 
on a treated surface it becomes restless, 
movements become jerky, tremors de- 
velop and finally there is paralysis 
which ends in death. This process is a 
slow one and death may come hours 
after the insect has received a lethal 
dose of the poison. Consequently, the 
effects of the chemical often can be 
measured only by the absence of the 
insect rather than by the presence of 
dead ones. 


Application of DDT 


Since DDT is insoluble in water it 
can be used simply as a water suspen- 
sion. Various special formulations 
known as wettable powders have been 
developed. Against insects affecting 
man, however, DDT is usually used as 
a dust, as an emulsion, or is dissolved 
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in some solvent such as oil. Dusts are 
made by diluting and mixing DDT 
with a dry powder such as tale or 
pyrophyllite. Usually a 5 or 10 per 
cent dust is used. 

Emulsions are prepared by dissoly- 
ing the DDT in some organic solvent 
and adding an emulsifying agent. The 
stock emulsion of DDT, solvent and 
emulsifier is then diluted with water to 
the desired DDT concentration. When 
the stable emulsion breaks after appli- 
cation, a deposit of fine DDT erystals 
is left on the sprayed surface. 

The simplest method of applying 
DDT in liquid is to dissolve the ma- 
terial in fuel oil or some other suitable 
petroleum oil and to spray or paint 
the liquid on surfaces to be treated. 

The application of DDT to obtain its 
residual effect is different from the 
usual method of applying a contact 
insecticide where the object is to con- 
tact the insect and where kills are ob- 
tained only by contacting the insect 
with the toxic material. On the con- 
trary, DDT can be applied when no 
insects are present, the object being to 
lay down a uniform deposit of fine 
erystals. Then when an insect rests on 
the treated surface it picks up a lethal 
dose and subsequently dies. It is this 
use of a residual spray deposit which 
is of most use against such insects as 
flies, mosquitoes and roaches. 

The dosage of DDT varies depend- 
ing on the insect and other conditions. 
Each insect presents a special case of 
its own and dosage may vary with con- 
ditions. For instance, a heavier dos- 
age appears necessary out of doors 
where there is exposure to the sun than 
would be required indoors. 


Limitations of DDT 


Some insects are little affected by 
DDT, but aside from this, there are 
other limitations to the use of the ma- 
terial. In winning the war protection 
of men from insects and diseases was 
of greater importance than the damage 
which might result to other forms of 
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life. In civilian areas, however, such 
considerations are of importance. 

We therefore must determine not 
only that a certain quantity of DDT 
will kill mosquito larvae but also that 
that dosage will not kill fish or other 
beneficial life. A great deal of work 
has been done along these lines. 

We now know that more than half a 
pound of DDT per acre applied in oil 
is dangerous to fish. Considerable 
work along this line has been done in 
New Jersey. In 1945 Ginsburg showed 
that DDT was highly toxie to goldfish 
in the laboratory and that it also killed 
black bass, catfish, and minnows in the 
field. It was shown that as an emul- 
sion DDT killed goldfish at a dilution 
of one to 2,500,000. It was also dem- 
onstrated that DDT is most toxic to 
fish when applied in colloidal disper- 
sion, less toxic as an oil emulsion and 
least toxic as a dust. 

Other tests showed that DDT ap- 
plied in oil against pest mosquitoes in 
quantities sufficient to obtain residual 
toxicity would also kill practically all 
other aquatic insects. In some eases 
snakes and frogs have also been killed. 
Eide et al (1945) have obtained some- 
what similar toxicity data. 

There are still many conflicting re- 
ports as to whether any harm may re- 
sult from application of DDT to warm- 
blooded animals as a spray, in emul- 
sions, or in solution. Also it is not 
known what effect DDT may have 
when eaten in or on food. Some facts 
are clear-cut. As a dust, the material 
appears completely safe on man and 
animals, provided large quantities are 
not ingested. There is also definite 
evidence that DDT in oil can be ab- 
sorbed through the skin and that more 
is absorbed from vegetable oils than 
from petroleum oils. DDT is not a 
poison in the same sense as are arsenic, 
lead and fluorine, but it should be 
handled with due respect. 


Precautions in Handling DDT 
All available information indicates 
that DDT is not dangerous to man if it 


is properly handled. Many of the sol- 
vents used in DDT mixtures also may 
have harmful effects if not handled 
properly. In mixing DDT in xylene 
or oils, rubber gloves should be worn. 
When clothing becomes wet with DDT 
solutions or emulsions, it must not be 
worn. The hands should be kept free 
of the concentrate and should be 
washed frequently with soap. 

During spraying operations, partic- 
ularly in enclosed places, a respirator 
and goggles should be worn. DDT 
sprays should be kept away from food 
and food utensils. Dizziness and skin 
irritation following handling of DDT 
have been reported due to solvents 
used in the mixtures. To date no case 
of known DDT poisoning has been ob- 
served in humans. 


Possible Uses on Insects Encountered 
in Sewage Treatment 


The three insects most often giving 
trouble in sewage treatment plants are 
the Psychoda flies, houseflies, and mos- 
quitoes. All three of these insects 
might be controlled successfully by the 
use of DDT, but further experimenta- 
tion is necessary. In a review of the 
literature, few references were found 
to tests of DDT on these insects in sew- 
age disposal plants. 


Psychoda 


Psychoda flies have habits such that 
treatment with DDT would appear to 
be relatively simple. However, no re- 
ports have been found of tests made 
against Psychoda nor is there any ref- 
erence to the effect of DDT on bacteria 
of the sewage filter beds. It would 
seem that tests along this line should 
be made and that they would be rela- 
tively simple field tests. Probably a 
spray or dust with a low concentration 
of DDT would be effective. (Note: 
Considerable work has now been re- 
ported on the methods and effective- 
ness of filter fly control with DDT. 
Several excellént references will be 
found in the 1946 volume of Tus 
J OURNAL—Ed. ) 
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House flies 


As for the housefly, considerable 
tests indicate very satisfactory control 
of both adults and maggots in a variety 
of situations. Some commercial fly 
sprays now contain a small quantity 
_ of DDT in addition to other toxic 
chemicals. These sprays are the so- 
ealled ‘‘space sprays’’ which kill the 
insect by actual contact. The spray 
must hit the insect in order to kill it, 
and there is scarcely any residual effect 
from such a spray. 

DDT has its greatest use as a resid- 
ual deposit which will continue to kill 
over long periods. With a residual 
spray properly applied, kills have been 
obtained as long as a year after appli- 
cation under favorable conditions. 
Experience in New Jersey indicates 
that control can be maintained for 6 to 
10 weeks by a single application of 
DDT. 

To obtain a residual deposit, DDT 
ean be applied either dissolved in a 
volatile oil, such as kerosene, or as an 
emulsion. A deposit of 200 mg. per 
square foot is generally regarded as 
the most effective. To obtain this de- 
posit it is recommended that a spray 
containing 2% per cent DDT be used 
on unpainted surfaces and that a 5 
per cent spray be used on well painted 
surfaces which are non-absorbent, half 
as much liquid being necessary in the 
latter case to wet the surface thor- 
oughly. 

The best type of nozzle is the re- 
cently developed one which gives a 
fan-shaped spray. A knapsack, com- 
pressed air sprayer, or a power sprayer 
is satisfactory for application of the 
spray. The U.S. Public Health Serv- 
ice has developed standard materials 
and procedures which it uses in its 
DDT residual spray control program 
for malaria mosquito control. These 
methods are applicable to fly control, 
if care is taken to apply 200 mg. of 
DDT per square foot. 

It would seem that residual sprays 
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of DDT around sewage treatment 
plants, particularly in buildings, would 
be a material aid in reducing the fly 
problem. In such use, either an emul- 
sion or a solution in regular or de- 
odorized kerosene should give satisfac- 
tory results. 

DDT has been used with varying 
success on breeding areas of flies. 
When manure was thoroughly sprayed 
with a water emulsion of 0.1 per cent 
DDT, flies were controlled. In some 
cases, surface application of DDT to a 
manure pile has also been successful. 
It is difficult, however, to get the co- 
operator to spray the surface each 
time fresh manure is added and in 
these cases fly control is incomplete. 

Olson and Dahms (1945) in labora- 
tory tests treated a mixture of com- 
pletely digested sludge and green 
sludge with 10 per cent DDT dust and 
0.25 per cent DDT emulsion along 
with other materials. They found that 
the emulsion was not very effective 
against maggots. The dust gave good 
control in that it either killed maggots 
or prevented emergence of flies from 
the puparia. Surface application of 
15 lb. of dust per 100 sq. ft. gave con- 
trol of emergence. Ultimate control 
resulted with the use of 1 lb. of 10 per 
eent DDT dust per 100 sq. ft., ie., 
adults died after emergence. 


Mosquitoes 


A residual spray using 5 per cent 
DDT in oil or an emulsion with a simi- 
lar amount of DDT is now being 
widely used for control of adults 
of the malaria-carrying mosquito, Ano- 
pheles quadrimaculatus. Experiments 
in New Jersey show that such an appli- 
cation has continued to kill resting 
mosquitoes for more than a year. 
While Anopheles mosquitoes are rarely 
encountered in polluted waters a resi- 
dual deposit of DDT is equally effec- 
tive against such species as Culex 
pipiens which often breed in tremen- 
dous numbers in highly polluted 
water. A residual spray in sheds and 
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other buildings where numbers of 
mosquitoes are found resting would be 
effective in reducing annoyance. 

In New Jersey considerable experi- 
mentation has been done with various 
solutions, emulsions, and dusts against 
larvae of pest mosquitoes. Under New 
Jersey conditions there is little to be 
gained by the general use of DDT until 
better methods of application are de- 
veloped or until more is known about 
the effect of the chemical on other life. 

To get a residual toxicity from the 
use of DDT in larval mosquito control 
it has been necessary to use 1 per cent 
DDT in mosquito oil. Such an appli- 
cation results in a deposit of 2 to 5 lb. 
of DDT per acre, an amount at least 
four times as great as the % lb. per 
acre which kills fish. It is therefore 
evident that the material cannot be 
used where fish are present, and DDT 
sprays are not being recommended in 
New Jersey for general use against 
mosquito larvae. With additional ex- 
perimentation it is possible that a 
satisfactory method of applying small 
quantities of DDT for larval control 
will be developed. 

On sewer catch basins and in cess- 
pools results with DDT for control of 
mosquito larvae are very promising. 
Here fish and aquatic insects are not 
found and larger quantities of DDT 
ean be used safely, so long as sufficient 
DDT is not introduced from the catch 
basins or cesspools into waters where 
it might be hazardous. 

In 1945 mosquito breeding was con- 
trolled in catch basins for 6 to 8 weeks 
by using 2% and 4 per cent DDT in 
No. 2 fuel oil applied at the rate of 
about % pint to each basin. The con- 
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stant flushing of basins by the heavy 
rains in July and August probably 
materially lessened the residual effect 
obtained. It is likely that in a drier 
season breeding would be prevented 
for a much longer period. 

Adults were not repelled from such 
basins, for DDT is not a repellent, but 
large numbers of adults were never 
found resting in treated basins, 
though they were often abundant in 
those not treated. Extensive tests of 
DDT in catch basins are planned for 
the coming season in cooperation 
with several of the county mosquito 
commissions. The material will also 
be similarly used in cesspools where 
breeding of mosquitoes is heavy. It is 
suggested that a 4 or 5 per cent DDT 
solution in fuel oil would be effective 
for several weeks in both catch basins 
and cesspools. A considerable number 
of adults would be killed by spraying 
the walls of the basin or cesspool 
above water level. 


Summary 


The new insecticide DDT is a very 
effective material against many insects. 
Much remains to be learned about its 
effect on other life as well as on insects. 
Tests to date indicate that it is a valu- 
able material particularly against flies 
and mosquitoes applied as a residual 
spray. At the present time the New 
Jersey Agricultural Experiment Sta- 
tion is recommending its use only on 
an experimental basis, and not for gen- 
eral use. Anyone using the material 
is cautioned to handle it with due care 
and to follow suggested precautions 
in its use. 
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Sludge Wanted—In Florida 


Recent correspondence with a broker 
f fertilizer materials revealed a most 
nnusual situation in Florida, a de- 
nand for dried digested sludge greatly 
in excess of the demand! 

This one broker disposed of 45 ecar- 
Jpads during the period of April to 
(gctober, 1946, mostly to first-time 
ers. The reaction of the purchasers 
Was highly favorable, and now the 








idf are sought, but with little success. 
ewage sludge is well-suited as a 
conditioner for the sandy soils that 
support Florida’s citrus orchards. Sev- 
er'}l large cities in the state are about 
to \build sewage treatment plants; it 
mitht be well for some of these cities 
to Jnvestigate the economics of drying 
facilities with a view toward furnish- 
ing, the fertilizing elements that are so 
badly needed. 


{ 
| Operator Training in Texas 


Almost everything worth while is 
don¢ on a large seale in Texas, and the 
stat} certification and training pro- 
grarh for the water and sewage works 
operptors is no exception. 

Tije annual operators’ short school 
givep in Texas is the mainspring of 
the jraining program, and has amazed 
pera visitors from other parts of the 
country by its size and scope. The 
29th\ of these schools, held at Texas 
A&M College on February 10-13, 
1947\ attracted 430 operators. Regis- 
tratijn has consistently been in the 
rangé of 400 to 500 for the past several 
years 

A ¢omplex program is set up to give 
elemehtary courses to the Grade C op- 
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erators (as classified in the state opera- 
tors’ certification law) and advanced 
training to those in the Grade A and 
trade B elasses. The 1947 short school 
offered 33 sessions, about a third of 
them being general ones for water and 
sewage operators of all grades. Lee- 
tures and discussion leaders are lead- 
ing college and university personnel, 
consulting engineers, operators and 
municipal officials. 

To supplement the annual short 
school, there are 26 regional associa- 
tions in the state which hold regular 
meetings in the form of classes given 
by instructors of the Texas A&M Col- 
lege Industrial Extension Service. 
Moreover, special manuals have been 
developed on water works and on sew- 
age works operation. The Manual for 
Sewage Plant Operators, a 435-page 
book including 27 chapters (see review 
in this issue), was made available for 
the first time at the 1947 short school. 
This manual will be useful as an 
instruction text and as a_ practical 
reference. 

V. M. Ehlers, state sanitary engi- 
neer and originator of the Texas train- 
ing and eertification program for op- 
erators, flattered us on the occasion of 
our last visit by asking for suggestions 
as to how the short school might be 
improved. We could not offer a single 
one! 


A New Filter Cloth 


Sol Seid, Superintendent of the sew- 
age treatment plant at New Brunswick, 
N. J., has been experimenting recently 
with a new type of cloth at the vacuum 
filters used for sludge dewatering. The 
new cloth is made of a synthetic fiber 
which is resistant to chemical action 
and mechanical abrasion. It is a lint- 
free material that passes liquids freely 
and does not plug easily, and is said 
to be unaffected by changes in tem- 
perature, 
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The new fabric is still in operation 
on a lime treated sludge after 500 
hours of service, whereas the cloth 
formerly used had an average life of 
only 70 hours. The cost of the new 
fabric, based on service life, is proving 
to be less than 10 per cent of the cost 
of the material used before. 

The name of the supplier of this 
promising vacuum filter medium will 
be furnished on request. ° 


A Use for the Water Hyacinth? 

Operators residing in Southeastern 
U. S. will be glad to learn that the 
water hyacinth has at last been found 
to have a desirable characteristic. Sir 
Albert Howard, in a paper presented 
before The Institute of Sewage Purifi- 
cation (England), reports the finding 
from studies in South Africa that these 
plants have a remarkable ability to re- 
move dissolved salts from polluted 
water. 

A comparison was made of the com- 
position of plants grown in polluted 
river water and of others grown in the 
same water plus the salts used in water 
culture. In just 14 days the nitrogen 
content increased from 1.42 to 2.23 per 
cent, phosphoric oxide (P20;) from 
2.0 to 8.0 per cent, and the potash 
from 7.4 to 11.6 per cent. If large- 
scale tests support these preliminary 
findings, it is suggested that such water 
plants might be used as the last step 
in recovering fertilizing elements from 
sewage, while at the same time ridding 
the stream water of objectionable 
compounds. 

The author asks and answers the $64 
question as follows: 


“What are we to do with the crop of 
water plants? This depends on the species 
and on the freedom from harmful bacteria 
of the water in which they are grown. The 
obvious methods is to compost them with 
dried sewage sludge and then to sell the 
compost. Later, when mankind frees itself 
from the thraldom imposed by fear of dis- 
ease, they might even be used as food.” 
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Tumbleweed Trouble 


Discussing the operation of trickling 
filters in a Grade A and B operator’s 
session at the 1947 Texas short school, 
City Sanitary Engineer J. A. Stanley, 
Jr., of Lubbock, described an interest- 
ing and unusual problem. The high 
rate trickling filter of the Lubbock 
plant seems to be a most effective 
tumbleweed trap, so effective in fact 
that this nomadic shrubbery gathers 
on the filter (when wetted) to the ex- 
tent that the distributor arms are ob- 
structed. 

The difficulty was overcome by the 
provision of a portable fence that can 
be rotated about the filter according 
to the direction of the wind. 





Sludge Makes the Greens Greener 


The fertilizer manual, issued by the 
Federation as Manual of Practice No. 
2, is finding a highly satisfying distri- 
bution among horticulturists, garde- 
ners and others not directly engaged 
in the sewage works field. One order 
received recently from Mr. C. H. Gas- 
kill, Jr., Vice-chairman of the Greens 
Committee at the Lincolnshire Country 
Club at Crete, Ill., was supplemented 
by the following unsolicited testimon- 
ial: 


“We had prior to the summer of 1946 
been bothered with ‘brown patch’ that we 
could not control, poor color, and practi- 
cally a complete stoppage of growth on our 
greens during the hot months. A very poor 
physical condition exists and, while we 
could not rectify that last year, we tried 
feeding every two weeks with a prepared 
sludge, applied with a mechanical spreader 
at the rate of 10 lb. per 1,000 sq. ft. 
These applications were supplemental to 
the rather heavy spring and fall mineral 
fertilizations. 

“Growth conditions, color and resistance 
to both disease and wear improved mark- 
edly. As a control, we treated one green 
with 20 lb. per 1,000 sq. ft. of air dried 
sludge that had been exposed to the 
weather the preceding winter. Results 
with this local material were identical with 
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' 
those olltained with the commercial prod- 
uct. 

“Tt was my intention to use only local 
material/this year, but several references to 
the dangier of too many weeds being intro- 
duced inito our greens has caused me to 
postpone, this switch until I make several 
more tes‘'s. Of course, the semi-annual ap- 
plication; of a weak solution of 2, 4-d that 
we make; minimizes this hazard.” 


Mr. Gaskill is to be complimented on 
his expérimental procedure. He has 
been invited to keep us informed from 
time to time as to his further observa- 
tions. 





Air/Borne Public Relations 


The elty of Fort Worth, Texas, was 
quick to ‘take advantage recently of the 
offer of ja local radio station to make 
availablé weekly broadcast time for 
educational talks about various mu- 
nicipal srvices. One of these ‘‘spots’’ 
was assizned in February to W. S. 
Mahlie, Superintendent of the Fort 
Worth sewage treatment plant for a 
well-prepared dissertation on the facili- 
ties for which he is responsible. 

Most, ‘f not all radio stations, have 
time that can be made available for 
broadeasis that are in the public in- 
terest. Here is a fine ‘‘advertising’’ 
medium that may often be had only 
for the asking. 


Enginéer-Chemist “Feud” Goes 
International 


One of. the most refreshing bits of 
reading {0 come our way recently is 
the paper ‘‘The Aims and Methods of 
the Sewage Works Manager,’’ pre- 
sented by John H. Garner as the J. B. 
Croll Memorial Lecture at the 1946 
Summer Conference of The Institute 
of Sewage Purification (England). It 
is regretted that space limitations make 
it impossible to reprint the paper here 
in its entirety. 

The following extracts were selected 
because of the interesting manner in 
which Mr. Garner has dissected the 
qualifications of a successful sewage 
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works manager, and because of the 
pertinence of his remarks to the good- 
natured conflict between engineers and 
chemists which has reared its head at 
several Federation meetings, with Don 
EK. Bloodgood and C. C. Larson as the 
respective leaders of the two factions. 
Mr. Garner, a chemist by training, is 
presently Chief Inspector of the West 
Riding of Yorkshire Rivers Board. 


“Many sewage works managers have 
entered upon that career through being in- 
duced to stay on after completing con- 
struetional work or installing mechanical 
plant; others have been appointed man- 
agers at works where it was obvious that 
the maintenance and operation of mechani- 
eal plant was a sine qua non. My opinion 
of those managers who have previously had 
engineering training and experience— 
whether civil, mechanical or electrical—is 
that they are generally of the very best 
type. Of necessity, engineers are men of 
action. They have to become skilled in the 
use of men and materials, as they have to 
produce something tangible as a result of 
their efforts. They have generally travelled 
about the country on various jobs, and 
the educational value of travel is well 
known. Those who eventually settle down 
as sewage works managers as a rule set to 
work to master the subject of sewage puri- 
fication in regard to their particular works 
and, having made good there, then proceed 
to extend their experience and usually re- 
main a long time on the same works... . 

“During my experience I have seen sev- 
eral sewage works which had been allowed 
to degenerate into a dirty and almost dere- 
lict condition restored to efficiency, and 
capital expenditure on _ reconstruction 
avoided for many years, by the appoint- 
ment of a mechanical engineer as manager. 
T have found that those engineers who have 
had a sound training can soon acquire 
enough knowledge of chemistry to carry 
out the usual routine tests for recording 
and controlling the operation of the vari- 
ous units of sewage purifivation plants. 
But without a good grounding in engineer- 
ing methods, anyone appointed manager 
of a sewage works starts at a disadvantage, 
and if he does not aim at acquiring a good 
knowledge of that subject he will have a 
rough passage and probably land himself 
on the rocks. 
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“By this time the engineers will, no 
doubt, be thinking themselves the salt of 
the earth. A common failing, however, 
among sewage engineers is that, in tackling 
purification process diffizulties and troubles, 
they do not aim at removing the root cause 
but make barnaclite additions to works and 
plant, resulting in unnecessary elaboration 
and complication of operation. 

“Good engineering practice in sewage 
purification is simplicity in design and 
robustness of construction, and scientific 
advice should be obtained where chemical 
or biological methods are concerned. 

“As in the case of engineers, a number 
of chemists have risen eventually to the 
rank of sewage works manager. The in- 
flux of chemists into the field of sewage 
purification followed largely on the work 
of the last Royal Commission on Sewage 
Disposal, and there has since been a grad- 
ual inerease in the number employed. 
Some have been appointed as qualified 
chemists, knowing something of the nature 
of the work involved, but others have com- 
menced work as junior laboratory assist- 
ants, knowing little or nothing of the 
duties or where the appointment could 
lead, until the manager taught and encour- 
aged them to take up sewage purification 
as a career. 

“Tt will be obvious that chemistry in itself 
is only a secondary qualification for sew- 
age works management, and of recent 
years there has probably been a tendency 
to overestimate the importance of chemis- 
try in sewage purification. The opinion 
has been expressed that the mental make- 
up of a chemist does not necessarily make 
him a good manager, and that a chemist, 
like ‘Just William,’ can become a menace 
to the community, unless kept within 
hounds. 

“Too often chemists seem to experiment 
and experiment without being able to make 
a decision; in fact such chemists may be 
termed men of delayed action. They re- 
mind one of the motorist who never can 
make up his mind to buy a new car for 
fear a later model may soon come on the 
market. He tinkers with the old one, 
has troubles, breakdowns, incurs great ex- 
pense, and is finally left with a very de- 
erepit and unreliable machine. One should 
have the courage to make up one’s mind 
to adopt the best practicable and available 
methods, and to operate them economically 
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and efficiently for a reasonable length of 
time. 

“It may be that the training of a chemist 
tends to make his mind too analytical and 
introspective, instead of synthetical and 
cireumspective. Without in any way wish- 
ing to disparage chemist-managers, I would 
say: ‘Lay that test-tube down! Get outside 
yourselves and the lab too. Spend more 
time on the works. Be satisfied to concen- 
trate on nitrates until you have acquired a 
good theoretical and practical knowledge 
of engineering or, perhaps in this case, I 
had better say chemical engineering.’ 
Above all, a chemist-manager should be 
able to write his reports in non-technical 
language and to translate the results of 
small seale experiments to working prac- 
tice. 

“T have no wish to make the chemists 
appear down-trodden; my observations in 
regard to them may seem rather severe but, 
after all, I am speaking from personal ex- 
perience, having long since laid the test 
tube down. 

“Good engineers and good chemists are 
usually men of high intelligence, but not 
all men of high intelligence are necessarily 
good engineers or good chemists. Whether 
the biologists will ultimately oust all others 
remains to be seen. They are certainly ap- 
pearing on the scene, probing about and 
doing some interesting and useful work. 

“A competent sewage works manager 
must be something of an all-rounder, and 
probably the majority of the members of 
this Institute realize that it should be their 
aim to come within that category, and that 
they should adopt methods which will en- 
sure their doing so. 

“Before concluding, may I be allowed to 
quote that ‘to achieve complete happiness, 
one needs an interest other than one’s 
work, so that by mutual reaction each in- 
terest is fanned to a greater heat of enjoy- 
ment.’ To my mind there are few occu- 
pations which present such unique oppor- 
tunities as sewage works management for 
finding an interest outside one’s work... .” 


Another interesting revelation in 
Mr. Garner’s paper is that certifica- 
tion of operators (or managers) was 
initiated in England in 1913, and that 
‘mention was made of the necessity of 
an examination to establish for sewage 
works managers a minimum standard 
of knowledge and proficiency’’ in 1902. 








Editorials 


FSWA OBLIGATIONS TO SUPERINTENDENTS OF 
SEWERS 


The superintendent of the bureau of 
sewers of a large Midwestern city 
wrote us recently to inquire as to what 
the Federation offers those of the field 
who are interested primarily in the de- 
sign, construction and maintenance of 
sewage collection systems, but who are 
not directly concerned with sewage 
treatment. Some of the facts pre- 
sented in response to this query may be 
discussed to advantage here, for it is 
apparent that the present membership 
of the #ederation does not include 
nearly aS many sewer system superin- 
tendents as it should. The Federation 
is definitely ‘‘delivering the goods’’ 
for such personnel—both in quantity 
and quality—but somehow these con- 
tributions have been de-emphasized by 
their presentation with material on 
sewage treatment, industrial wastes 
and stream pollution. 

An examination of the content of the 
JouRNAL for the last two years shows 
that th¢re were many good papers on 
problenis of sewage collection. Typi- 
eal exainples are the papers by Cranch 
on ‘‘lost’’ sewer location, Brown on 
sewer maintenance, planning and rec- 
ords, Pomeroy on sewer ventilation, 
Eisner on sewer construction, MacNi- 
col on; house sewer installation and 
maintetance, McLoughlin on infiltra- 
tion studies, Palmer on control of 
sewer usage, Fishbeck on sewer regu- 
lators, Camp on sewer design, Pome- 
roy-Bowlus on sulfide control and Lea 
on pumping station design and mainte- 
nance. ‘ Many other papers published 
in the 1945-46 volumes of the JouRNAL 
are pelitinent both to sewers and to 
treatment plants; the several papers 
dealing; with the potentialities of 
hediekcha garbage grinders, those 
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dealing generally with maintenance of 
structures and equipment, and those 
pertaining to safety hazards are illus- 
trative. 

Then there is the manual of practice 
program of the Federation’s Commit- 
tee on Sewage Works Practice, which 
is devoting a generous share of its ef- 
fort to subjects of interest to those 
responsible for sewer systems. First, 
the ‘‘safety manual,’’ published in 
1945, is certainly in this category. 
Several hundred copies have been pur- 
chased for the instruction and refer- 
ence of sewer maintenance crews. Of 
the eight manuals now in preparation, 
two others—the one on sewer mainte- 
nance and the one dealing with ordi- 
nances for the control of the usage of 
public sewers—deal with fundamental 
problems of sewage collection. The 
manuals on sewage works accounting 
and on sewage chlorination should also 
be of value to those concerned only 
with sewage collection systems. 

It must be admitted that the pro- 
grams of Federation meetings and 
those of its Member Associations are 
usually deficient in papers on sewer 
system problems. “he reason for this 
may be that there ‘s either no great 
demand for such topics or that there is 
a dearth of authoritative sources of 
material. We incline towa7d the lat- 
ter explanation, and suggest that the 
solution entails a careful seeking out 
of competent authors with invitations 
for them to participate in programs. 
This will result in more extensive ref- 
erence literature as well. Program 
committees will please take note! 

Where the sewage collection and 
treatment functions are under sepa- 
rate supervision, as is the case in most 








Vol. 19, No. 3 


large cities, there appears to be some- 
what more willingness on the part of 
treatment plant personnel to interest 
themselves in the sewer system than 
there is for sewer system personnel to 
become informed on the sewage treat- 
ment plant. This is a natural situa- 
tion because the character of the sew- 
age received for treatment at the plant 
is affected greatly by the manner in 
which the sewer system is operated 
and maintained. It will clearly be 
advantageous to the municipality if 
each department is thoroughly ac- 
quainted with the problems of the 
other. Such understanding and co- 
operation must be developed first at the 
local level by the supervisory personnel 
of the two departments; they would be 
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furthered by joint participation in the 
professional activities of the Federa- 
tion. 

The advancement of knowledge per- 
taining to the nature, collection, treat- 
ment and disposal of sewage and in- 
dustrial wastes is a basic objective of 
the Federation. There is conscious- 
ness of the obligation to serve those 
engaged only in the sewage collection 
functions and a sineere effort is being 
made to do so. Much more can be 
done, however, but only if (1) more 
superintendents of sewers can be in- 
terested in membership and (2) if they 
are invited and urged to participate 
in writing papers for delivery at meet- 
ings and for publication, and to take 
part in committee activities. 





PROGRESS IN STANDARD 


The Ninth Edition of Standard 
Methods for the Examination of Water 
and Sewage has at long last made its 
appearance. Produced in the most try- 
ing of all periods and beset by many 
obstacles, the new edition brings credit 
to the organizations which collaborated 
in its publication, as well as to Dr. 
George E. Symons, who bore the brunt 
of the editorial detail. The Federa- 
tion has no publisher’s interest in the 
new edition but, as in the case of the 
two preceding editions, its Committee 


on Standard Methods of Sewage and. 


Industrial Wastes Analysis has con- 
tributed the entire section on sewage 
methods. Dr. W. D. Hatfield has been 
chairman of this committee since 1931. 

Although offered as ‘‘standard’’ 
methods, some of the analytical pro- 
cedures contained in the new edition 
are in controversy and are already 


METHODS OF ANALYSIS 


undergoing revision. This condition 
will always exist, however, because no 
method of analysis will ever reach such 
a state of perfection that it can not be 
improved upon. Realizing this fact, 
Dr. Hatfield’s committee is now plan- 
ning a comprehensive study of the 
limits of accuracy of all determinations 
presently used in analyzing sewage 
and industrial wastes, as a preface to 
intensive development of new and im- 
proved methods. 

An application has been filed for a 
research grant from the National In- 
stitute of Health which, if approved, 
would advance the progress of this 
work by many years. The methods in 
use today have been almost entirely 
developed through voluntary contribu- 
tions of effort and facilities. 
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Proceedings of Member Associations 


NORTH CAROLINA SEWAGE WORKS ASSOCIATION 
' 26th Annual Meeting 
{ Raleigh, North Carolina, November 18-20, 1946 


The 26th Aanual Joint Conference 
of the North Qarolina Sewage Works 
Association aitd the North Carolina 
Section of the nega Water Works 
Association wat: held at the Carolina 
Hotel in Raleigh, N. C., on November 
18-20, 1946. j total of 237 members 
and guests wer* registered. 

The meeting Was called to order by 
L. I. Lassiter, Section Chairman, and 
an address of we,icome was extended by 
Hon. Graham . Andrews, Mayor of 
Raleigh, who st§essed the importance 
of pure and adtquate water supplies 
for any municipality as well as the 
necessity for a well managed plant. 

The technical program was opened 
with E. D. Burchard of the U. 8. Geo- 
logical Survey presenting an informa- 
tive paper entitle ‘‘Twenty Years of 
Stream Flow Medsurement in North 
Carolina.’’ Grover H. Jones, City At- 
torney of High Point led a thought 
provoking discussi¢n on the legal re- 
sponsibilities of municipal water and 
sewage departments 

The afternoon session was opened 
with the technicolpr movie, ‘‘Clean 
Waters,’’ shown through the courtesy 
of the General Electiic Company. The 
remainder of the afternoon was de- 
voted to round table discussions led by 
J. A. English and R. W. Luther. 

The November 1th session was 
opened with a business meeting at 
which the following officers were elected 
to serve during 1946-47: 

Chairman: J. A. English, Salisbury 

Vice-Chairman: W. M. Franklin, Char- 
lotte 

Secretary-Treasurer: George S. Moore, 
Albemarle 


Following the business meeting L. L. 
Hedgepeth of the Pennsylvania Salt 
Manufacturing Company presented the 
paper ‘‘Use—Not Abuse of Streams,’’ 
an approach to industrial wastes pol- 
lution abatement. 

At the Honorary Luncheon for na- 
tional officers and guests, W. R. LaDue, 
President of AWWA spoke on ‘‘The 
Personnel Equation in Water Works.’’ 
Representing the Federation of Sew- 
age Works Associations, President F. 
S. Friel addressed the assembly on 
‘“The Aims and Objects of the Federa- 
tion.’’ 

The Armeo Drainage and Metal 
Products Company of Raleigh pre- 
sented an interesting movie on the con- 
struction and coating of steel pipe. 
This was followed by round table dis- 
cussions on plant operation led by 
W. M. Franklin and system mainte- 
nance led by C. W. Mengel. 

The Annual Banquet and Dance was 
held in the Ballroom of the Carolina 
Hotel, with T. S. Johnson of Raleigh 
as toastmaster. Max D. Saunders of 
Chapel Hill was awarded the Maffitt 
Membership Cup for having obtained 
the most new members for the North 
Carolina Section of AWWA during 
the year. The George Warren Fuller 
Award was presented to McKean Mof- 
fitt of Wilmington, N. C., for the faith- 
ful and ingenious services he has ren- 
dered the North Carolina Section 
AWWA. 

Following the presentation of the 
awards, Chancellor R. B. House of the 
University of North Carolina gave a 
most interesting and humorous address. 
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The session on the morning of the 
20th was opened with a movie, ‘‘Con- 
crete Facts,’’ shown through the cour- 
tesy of the Master Builders Company 
of Cleveland, Ohio. Everett M. Jones 
of the Simplex Valve and Meter Com- 
pany of Philadelphia spoke on the ma- 
terial supply situation, and gave little 
hope for the possibilities of immediate 
material deliveries. 
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A. M. Boehm, Engineer of the 
Worthington Pump and Machinery 
Corporation presented a paper on 
‘Utilization of Sludge Gas _ for 
Power.’’ 

Immediately thereafter the meeting 
was adjourned to meet again Novem- 
ber 10-12, 1947 in Greensboro, N. C. 

Geo. S. Moore, 
Secretary-Treasurer 


OKLAHOMA WATER AND SEWAGE CONFERENCE 
20th Annual Meeting 
Stillwater, Oklahoma, January 27-31, 1947 


The 1947 Annual Meeting of the 
Oklahoma Water and Sewage Confer- 
ence was held at Oklahoma A. and M. 
College at Stillwater on January 29, 
1947, as a highlight of the 20th Water 
and Sewage Short Course. Total reg- 
istration for the meeting and short 
course was 71. 

The technical program consisted of 
the series of lectures making up the 
short course. These lectures covered 
practical hydraulics, operation and 
maintenance of sewage and water 
works processes and equipment, public 
relations, job training and sanitary 
chemistry. Laboratory sessions were 
held to supplement the lectures on 
water and sewage chemistry. Addresses 
on ‘‘Recent Developments in Sewage 
Treatment,’’ by FSWA Vice-President 
George S. Russell and on ‘‘Recent De- 
velopments in Water Purification,’’ by 
W. Scott Johnson of the Missouri De- 
partment of Public Health, were spe- 
cial features of the technical program. 

Evening functions included a smoker 
and entertainment on January 27 and 
the Annual Conference Dinner on 
January 29. The speaker at the latter 
event was Dr. Morris M. Blair, Profes- 
sor of Economies at A. and M. College, 
whose topic was ‘‘Employment, Wages 
and Cost of Living in 1947.’’ Mr. 
Russell also spoke during this program, 
making the formal presentation of the 
$100 FSWA membership prize that 


was won by the Conference in 1946 
when it recorded a 230 per cent in- 
crease in the membership of its Sewage 
Works Section. 

At the business meeting on January 
29, the Conference considered certain 
amendments to its constitution and by- 
laws, the matter being left for further 
study by the Executive Committee be- 
fore submission to the membership for 
letter ballot. Officers elected to serve 
for the year 1947-48 were: 


President—R. O. Williams, Foss 

Vice-President—C, E. Moutrey, Tulsa 

Secretary-Treasurer—H. J. Darcey, 
Oklahoma City 

FSWA Director—Frank Taylor, Okla- 
homa City 


The new Executive Committee, in 
its organization meeting, adopted the 
following five-point program as its ob- 
jective for the coming year: 


1. To encourage and promote dis- 
trict meetings. 

2. To increase membership in the 
Conference, in the FSWA and in the 
AWWA. 

3. To publish a conference bulletin 
and newsletter. 

4. To encourage a licensing program. 

5. To promote attendance at the an- 
nual short course. 

H. J. Darcey, 
Secretary-Treasurer 
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TEXAS SEWAGE WORKS SECTION 
‘ 


1947 Annual Meeting 


College %tation, Texas, February 12, 1947 


The Annual Business Meet{ng of the 
Texas Sewage Works Section of the 
Texas Water Works and ‘Sewerage 
Short School was held on lebruary 
12, 1947, as a part of the 29th annual 
operators’ school to be held a} A. and 
M. College, College Station, Texas. 
Vice-Chairman J. H. Sorrels t:resided 
in the absence of Chairman Lj C. Bil- 
lings. 

The report of the Certificatig¢n Com- 
mittee was presented by Chaiifman E. 
J. M. Berg. Actions were take to es- 
tablish the amount of credit that would 
be allowed toward the various! classes 
of certificates for short school attend- 
ance, correspondence courses and for 
attendance of the field courses pffered 
on chlorinator maintenance and fepair. 

The Committee on Remuneration of 
Sewage Works Operators reported 
through Chairman Tom Green, and ac- 
tion was taken to direct publication of 
at least a summary of the data in the 
short school Proceedings. The: com- 
mittee was commended for its sefvices. 

The new Manual of Sewage }Plant 
Operation, published by the Sbction 
for use in short course of instruction 
of operators was presented and was 
enthusiastically received. The ; com- 
mittee, editors and authors whoj par- 
ticipated in preparing the manual 
were formally commended by the adop- 
tion of a resolution of appreciation. 

Mr. Joe A. Stanley was appointed 
chairman of a new Committee on 
Membership and Publicity. Otkicers 
elected to serve for the year 1947-48 
were: J. H. Sorrels, College Station, 
as Chairman; Tom Green, Austih, as 
Vice-Chairman; and V. M. Ehlers, 
Austin, as Secretary-Treasurer. 

The technical program offered by 
the Texas Water Works and Sewerage 
Short School was complete and diversi- 
fied. This annual course of practical 








instruction is probably the most com- 
prehensive one presented in the U. S., 
and represents a major element in the 
operators’ certification program that 
was established by the Texas Legisla- 
ture in 1945. The total registration 
this year was 430. 

The opening day comprised general 
sessions at which short school Presi- 
dent Joe B. Winston presided. The 
morning session included an address 
of welcome by President Gibb Gil- 
christ of Texas A. and M. College; a 
response by Mr. Winston; an address 
““The Role of Research in Water and 
Sewage Treatment,’’ by Dr. F. E. Gie- 
secke, Consulting Engineer, New 
Braunfels, Texas; and a discussion of 
the latter paper by V. M. Ehlers, Di- 
rector of the Sanitary Engineering 
Bureau of the Texas State Department 
of Health. 

The evening session on February 9 
was a joint meeting of the regional 
water and sewage works associations. 
The theme of this program was ‘‘Com- 
wunity Responsibility and Public Re- 
lations,’? which was discussed from 
the standpoint of the water and sew- 
age fields by AWWA President-Elect 
N. T. Veatch of Kansas City, Mo., and 
FSWA Executive Secretary W. H. 
Wisely. 

The short course lecture progran: 
was sectionalized to afford water and 
sewage classes for each of the three 
grades of operators as provided for 
under the state certification law. Each 
topic was opened with a short paper by 
an assigned leader, who then con- 
ducted a question and answer forum. 
Participation in these discussions was 
comprehensive and informative. 

Another major general session was 
the Annual Short School Banquet on 
February 12, at which the main speak- 
ers were State Representative Roger 
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Q. Evans and George Nokes. Mr. 
Evans stressed the importance of pub- 
lie education in regard to the value of 
water and sewage services in the com- 
munity. Mr. Nokes spoke in behalf of 
a bill before the Legislature that would 
provide adequate funds for adminis- 
tering the new certification law. An- 
nual awards made at the banquet in- 
cluded trophies and plaques to the 
city of Henderson, for the most attrac- 
tive water works; to the city of Car- 
thage for completing the most compre- 
hensive improvement to its water 
system; to Rodd Field (U. S. Naval 
Air Station at Corpus Christi) for the 


best average effluent from a sewage 
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treatment plant; and to the city of 
West University for having completed 
the most extensive sewage works im- 
provements. Special awards included 
a $100 U. S. Saving Bond to Mrs. Earl 
R. Goodwin, in recognition of her 
services for the past 15 years as As- 
sistant Secretary-Treasurer of the 
Short School; an attendance award, a 
plaque, to the Cap Rock Water and 
Sewerage Association; and Honorary 
Life Memberships to J. P. Winder of 
Dallas and to Prof. 8. R. Wright of 
A. & M. College. 


Mrs. Haru R. Goopwin, 
Asst. Secretary-Treasurer 


MEMBER ASSOCIATION MEETINGS 


Association 


New England Sewage Works Assn. 
New York State Sewage Works Assn. 


Florida Sewage Works Assn. 


Central States Sewage Works Assn. 


Federation of Sewage Works Assns. 

California Sewage Works Assn. 

Pennsylvania Sewage Works Assn. 

Georgia Sewage Works Assn. 

Kentucky-Tennessee Industrial Wastes 
& Sewage Works Assn. 


North Dakota Water and Sewage Works 
Conf. 


Ohio Conference on Sewage Treatment 
oD 


Canadian Institute on Sewage and 
Sanitation 


Iowa Sewage Works Assn. 





Electrical Engineering Bldg., 


Ga. Institute of Technology, 


Place Time 
Joint Hotel Ten Eyck, May 26-27 
Meeting Albany, N.Y. 
University of Florida, June 9-14 
Gainesville, Fla. 
Spalding Hotel, June 20-21 
Duluth, Minn. 
San Francisco, Calif. July 21-24 


San Francisco, Calif. July 21-24 


August 
State College, Pa. 


Sept. 17-19 
Atlanta, Ga. 


Brown Hotel, 
Louisville, Ky. 


Sept. 22-24 


Daeatoh Hotel, September 
Grand Forks, N. D. 
Deshler-Wallick Hotel, Oct. 2-3 
Columbus, Ohio 
General Brock Hotel, Oct. 6-8 
Niagara Falls, Ont., Canada 
Cedar Rapids, Oct. 9-10 


Towa 
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Virginia Industrial Wastes and Sewage Nansemond Hotel, Oct. 16-17 
Works Assn. Ocean View, Va. 

Missouri Water and Sewage Conf. Jefferson City, Mo. October 

North Carolina Sewage Works, Assn. Sedgefield Inn, Nov. 10-12 


Greensboro, N. C. 





Twentieth Annual Meeting 
FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
San Francisco—July 21-24 
in conjunction with 


CALIFORNIA SEWAGE WORKS ASSOCIATION 




















Federation Affairs 


NEW FSWA UNIT ORGANIZED IN VIRGINIA 


Another important objective in the pro- 
gram of the Federation was achieved on 
March 4, 1947, when the Virginia Indus- 
trial Wastes and Sewage Works Associa- 
tion was created in a one-day organization 
meeting at the Hotel Roanoke, Roanoke, 
Va. The new association will take its place 
officially as the thirtieth Member Associa- 
tion of the Federation as soon as routine 
action can be taken by the Organization 
Committee and the Board of Control. 

Preliminary organizational activity, car- 
ried on under the energetic leadership of 
D. R. Taylor, Assistant City Manager of 
Roanoke, resulted in the registration of 58 
industrial, municipal and state officials for 
the charter meeting. Actively collaborat- 
ing with Mr. Taylor were Richard Messer, 
Director of the Sanitary Engineering Di- 
vision, State Department of Health and L. 
L. Hedgepeth, Technical Secretary of the 
State Water Control Commission. 

Following the adoption of the constitu- 
tion and by-laws, charter officers to serve 
for the year 1947-48 were elected as fol- 
lows: President—R. W. Digges, Manager of 
the Hampton Roads Sanitary District Com- 
mission; Vice-President—B. L. Strother, 
DuPont Rayon Co., Richmond; Secretary- 
Treasurer—A. H. Paessler, Sanitary Engi- 
neer, Virginia State Water Control Com- 
mission. Mr. Hedgepeth was elected as 
FSWA director, to serve for a 3-year term. 

Francis §. Friel, FSWA_ President, 
opened the scheduled program with an ad- 
dress on “Recent Progress of the Federa- 
tion,” in which he described some of the 


current activities and accomplishments of 
the international organization. He was 
followed by W. H. Wisely, Executive Sec- 
retary-Editor of the Federation, whose 
topic was “An Activity Program for a Re- 
gional Sewage Works Association.” State 
Sanitary Engineer Richard Messer, report- 
ing on the present status and recent ac- 
tivity in sewage works construction in Vir- 
ginia, and L. H. Enslow, Editor of Water 
and Sewage Works, completed the morning 
program. . 

The afternoon program opened with a 
paper by President-elect R. W. Digges, on 
the subject “Effects of Sewage Pollution 
on Fresh Water.” Mr. Digges approached 
his topic from the standpoint of the prob- 
lem confronting the Hampton Roads Sani- 
tary District. The final program contri- 
bution was an informative discussion on 
“The Cooperative Health and Sanitation 
Program of the Institute of Inter-Ameri- 
ean Affairs in Mexico,” illustrated by a 
series of excellent color slides, and yre- 
sented by Martin W. Johnson of the con- 
sulting engineering firm of Wiley and Wil- 
son, Lynchburg, Va. 

The enthusiasm prevailing at the charter 
meeting presages a vigorous and productive 
existence for this fledgling unit of the 
Federation. The people of Virginia are 
greatly indebted to Messrs. Taylor, Messer 
and Hedgepeth and to the others who 
brought about the creation of the new as- 
sociation, an agency which is certain to take 
a leading place in the cleansing and con- 
servation of the waterways of the state. 


SAN FRANCISCO CONVENTION DEVELOPMENTS 


Preparations for the Twentieth Annual 
Meeting of the Federation, being staged in 
conjunction with the Nineteenth Annual 
Meeting of the California Sewage Works 
Association and concurrently with the 1947 
Conference of the American Water Works 
Association, are now going forward in fine 
fashion. Although accurate data are not 
yet available, there is every indication that 


the total registration for the meetings will 
exceed 2,000. 


Local Committees 


Loeal arrangements at San Francisco are 
proceeding under the leadership of a joint 
committee headed by R. C. Kennedy and 
Blair I. Burnson as co-chairmen. Other 
joint subcommittees on arrangements are: 
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hotel arrangements—Nelson Eckart, chair- 
man, with George Pracy, J. H. Peterson 
and Keeno Fraschina; entertainment— 
John B. Gill, chairman, with W. J. 
Orchard, G. T. Bowman and others to be 
selected; ladies entertainment—Mrs. Nel- 
son Eckart, chairman, with Mesdames 
George Pracy, R. C. Kennedy, C. C. Ken- 
nedy, H. C. Vensano and R. G. Wads- 
worth; meeting room arrangements—J. W. 
Pratt, chairman, with J. T. Norgaard and 
J. H. Kimball. Special FSWA subcom- 
mittees on registration and finance are now 
being set up, with Harold L. May as 
chairman of the former and George White 
as chairman of the latter. 


Time-Table of Events 


The tentative time-table includes the fol- 
lowing events and sessions: 


Monday, July 21 

10:00 a.m.—Registration and inspection of 
exhibits. 

Board of Control business session. 

Noon—Business Luncheon, California Sew- 
age Works Association. 

2:00 p.m.—Board of Control business ses- 
sion. 

9:00 p.m.—Joint President’s Reception and 
Dance. 


Tuesday, July 22 


9:30 a.m.—Convene Twentieth Annual 
Meeting. 

Technical session. 

2:00 p.m.—Joint technical session with 


AWWA. 
8:30 p.m.—Joint Gala Entertainment. 


Wednesday, July 23 

9:30 a.mM.—Technical session. 

2:00 p.w.—Joint technical 
AWWA. 


6:30 p.w.—Annual Federation Dinner. 


session with 


9:00 p-m.—Joint FSWA and AWWA 
Dance. 

Thursday, July 24 

9:00 A.m.—Techniecal session. 

1:30 p.m.—Technieal session. 

3:30 p.wt.—Adjourn Twentieth Annual 
Meeting. 

3:30 p.mM.—Board of Control business ses- 
sion. 


Technical Program Nears 
Completion 


Gilereas and his 


Program Chairman 


committee are in process of clearing final 
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details on the technical program and, as 
usual, they are doing an outstanding job. 
Particularly significant sessions are those 
to be held jointly with AWWA on Tues- 
day and Wednesday afternoon. AWWA 
will be host at the Tuesday joint program, 
which will pertain to the general topic of 
“Ground Water Pollution.” The Wednes- 
day afternoon session, with the Federation 
as host, will follow the theme “Reclama- 
tion of Sewage Effluents.” Speakers who 
have accepted assignments in this sym- 
posium include N. T. Veatch, Earnest 
Boyce, Abel Wolman, L. V. Wileox and 
Dario Travaini; other contributors are yet 
to be selected. 

The Tuesday morning session will open 
with a short general business meeting, fol- 
lowed by papers describing the sewage 
works improvements in development at 
San Francisco and Portland. The San 
Francisco project will be reported on by 
Clyde C. Kennedy; J. E. Stevens and H. 
L. Thompson will deliver a joint paper on 
the Portland project, which will be dis- 
cussed by A. M. Rawn. 

Stream pollution and industrial wastes 
papers will feature the Wednesday morn- 
ing program. F. W. Kittrell, G. E. Sy- 
mons, W. J. O’Connell, Jr., and W. T. 
Knowlton have accepted assignments here 
and at least one more paper is to be ar- 
ranged. 

The Thursday morning session will be 
devoted to the Annual Operators’ Forum, 
this time arranged and presented by the 
California Sewage Works Association. 
Industrial waste problems, plant mainte- 
nance and operation kinks will be stressed. 
An abbreviated but important symposium 
on the B.O.D. determination will close the 
technical program on Thursday afternoon. 
Various studies and developments on this 
basie analytical tool will be reported by 
Harold %. Gotaas, W. F. Langelier, David 
H. Caldwell and R. G. Tyler. 


Exhibits 


The most comprehensive and elaborate 
manufacturers’ exhibit ever to be staged is 
already assured by the unprecedented de- 
mand for display space. By early April, 
95 companies had reserved 152 booths, re- 
quiring that some of the exhibits be set 
up outside of the huge Arena in the Civic 
Auditorium. 

The Water and Sewage Works Manu- 
facturers Assoviation is bending every 
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effort toward the presentation of an exhibit 
that will be an outstanding feature of the 
concurrent meetings. 


Entertainment 


The social events are being planned to 
afford a variety of high quality entertain- 
ment. The President’s Reception and 
Dance on Monday evening, which will be 
the opening general event of the AWWA 
and FSWA meetings, will serve admirably 
as a “Get together and get acquainted” 
function. Some form of home talent en- 
tertainment is tentatively planned. 

The “Gala Entertainment” on Tuesday 
evening will be presented from the Arena 
stage. This program is being assembled 
under the personal supervision of W. J. 
Orchard—who has directed many of the 
most memorable entertainment events of 
AWWA and FSWA meetings in the past. 
This show is expected to climax all others. 

On Wednesday evening, the Annual Fed- 
eration Dinner will be followed by a dance 
which is to be opened: jointly to Federa- 
tion and AWWA registrants. It is prob- 
able that some entertainment will be offered 
at the dinner. 
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The general social program will be con- 
cluded on Thursday evening, when the An- 
nual AWWA Dinner will be held. 


Ladies’ Entertainment 


Arrangements are as yet in an early 
stage, but special ladies’ entertainment 
events are tentatively scheduled for Tues- 
day, Wednesday and Thursday. One or 
more teas, a luncheon and bridge party, 
and special tours are being considered. 

The final program will allow plenty of 
time for shopping and for sight-seeing. 


Hotel and Transportation 
Reservations 


All FSWA and AWWA members have 
been furnished with complete information 
and reservation forms for their use in 
making hotel and transportation reserva- 
tions. Additional forms are available 
upon request to Federation headquarters. 

All those planning to attend the coneur- 
rent meetings at San Francisco are urged 
to forward applications for reservations 
without delay. 


F.S.W.A. 1947 CONFERENCE 
San Francisco—July 21-24 
SPECIAL TOURS 


NEW YORK SPECIAL 


En Route 

Leave: New York, 1:25 P.M., 
July 14 

Arrive: San Francisco, Sunday Morning, 
July 20 

Stop-Overs: Rocky Mt. National Park, Salt 
Lake City, Boulder Dam, Las Vegas and 
Los Angeles 


Monday, 


Return 

Leave: San Francisco, 6:00 P.M., Friday, 
July 25 

Arrive: New York, 8:30 A.M., Sunday, Au- 
gust 3 

Stop-Overs: Portland, Victoria (Canada), 
Glacier National Park 

Round trip from New York approximately 
$450 on all-expense tour basis. (Does 
not include expenses in San Francisco.) 


For Information 


K. A. Sigworth, Suite 1333, 230 Park 
Avenue, New York 17, N. Y. 


DIXIE SPECIAL 


En Route 
Leave: New Orleans, 11:30 P.M., July 14 
Arrive: San Francisco, 7:30 A.M., July 20 
Stop-Overs: El Paso and Grand Canyon 


Return 
Leave: San Francisco, 9:00 P.M., July 25 
Arrive: Kansas City, 8:10 A.M., July 30 
Stop-Overs: Los Angeles, Boulder Dam, 
Salt Lake City, Denver (short time) 


Round trip from New Orleans approxi- 
mately $175 for rail and pullman. Cost 
of meals and sightseeing tours will be 
extra. 


For Information 
W. H. Weir, Atlanta, Ga. 
Egmont 8. Smith, Dallas, Tex. 


A. P. Black, Gainesville, Fla. 
Thomas L. Amiss, Shreveport, La. 


Make Reservations Promptly 
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Sewage Disposal as a National Problem. 
By E. J. Hamuin. The Surveyor, 105, 
919-922 (Nov. 29, 1946). 


This paper by Mr. Hamlin is his inaugu- 
ral address to the Institute of Sewage 
Purification as President of the Society. 
The paper deals with conditions in South 
Africa and stresses the need for a united 
effort and the consideration of South 
Africa’s sewage disposal problems on a na- 
tional scale. 

In the past, sewage disposal has been re- 
garded too narrowly as a local or, at best, 
a regional problem, and it is pointed out 
that an endeavor should be made to regard 
it as a national problem. 

Several factors in South Africa are 
cited which make this point, especially as 
regards the end products of sewage dis- 
posal, clean water, fertilizer, and gas, and 
it is asked whether or not the best uses are 
made of these products. As regards sludge 
disposal, he says that whereas the most eco- 
nomical method from the local point of 
view may be to barge it to sea, from the 
national viewpoint, this method can be re- 
garded as uneconomic. In his opinion, be- 
cause of the tremendous soil conditioning 
properties of sludge, every pound of it 
should be put upon the land. 

As to gas utilization, power generation 
may not be the best use for the gas. At 
one plant some 400,000 cu. ft. of gas per 
day are collected. The plant chemists pro- 
duced formaldehyde from the gas and dur- 
ing the process found that acetylene could 


*Tt will be appreciated if Miss Swope is 
furnished all periodicals, bulletins, special re- 
ports, etc., which might be suitable for ab- 
stracting in THIS JOURNAL. Publications of 
public health departments, stream pollution 
control agencies, research organizations and 
educational institutions are particularly de- 
sired. 
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be produced. ‘This led to the production of 
cyanide from sewage gas. This is of great 
significance in South Africa where cyanide 
is so essential to the gold mining industry. 
From the sewage gas of Johannesburg 
sufficient cyanide may eventually be man- 
ufactured to supply the entire gold min- 
ing industry. 

The author cites some of the conditions 
in South Africa which affect materially the 
design of sewage works. There is a tre- 
mendous variation in rainfall. Over more 
than 60 per cent of the total area the rain- 
fall is less than 15 in. per annum and there 
are some areas where it is less than 5 inches. 
On the other hand, there are areas where 
rainfall varies from 80 to 120 in. per year. 
In some areas storms occur in which 5144 
in. fall in 24 hr., and in Johannesburg it is 
not unusual during every summer season 
to have rainfall intensities up to 12 in. 
per hour. Such conditions as these re- 
quire separate storm and sanitary sewers. 

At the Cydna plant yearly average flow 
is about 2.0 m.g.d. Storm water flowing 
down the valley past the works reaches an 
intensity rate of 6,000 m.g.d. 

The amount of rainfall in some eases is 
so limited as to restrict construction of 
sewers and treatment works. 

South Africa has a population of about 
121% millions, of which 2% millions are 
Europeans. Population densities in urban 
areas are low, only 4 per acre in Johannes- 
burg, for example. Thus the length of col- 
lecting sewers per capita is great and sew- 
age is consequently in the sewers a long 
time before reaching treatment works, 
thereby becoming stale and difficult to 
handle. 

Sewage disposal by dilution is not prac- 
tised in South Africa because of the low 
flows in the rivers. A high quality efflu- 
ent must be produced in the treatment 
works. 
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Annual evaporation ranges from 72 in. 
in Johannesburg to 90 in. in Kimberly. 
This facilitates drying sludge on open 
beds. On the other hand, the low oxygen 
content of the atmosphere at high alti- 
tudes makes activated sludge treatment ex- 
pensive. 

The author reviews work done by the 
South African Institute for Medical Re- 
search in connection with the purification 
afforded by various sewage treatment fa- 
cilities as regards removals of worm ova 
cysts, and pathogenically dangerous bac- 
teria. Samples were taken over an entire 
year from the five Johannesburg sewage 
works. The work established the fact that: 


1. The cysts of Entamoeba histolytica 
and eggs of Ascaris lumbricoides 
(round worm), Taenia saginata (tape 
worm) and Ankylestoma (hook worm) 
are frequently present in Johannes- 
burg raw sewage. 

. Cysts or eggs have been found in 
screened sewage, settled sewage, pri- 
mary filter effluent and humus tank 
effluent, and also in the effluent from 
activated sludge plants. 

3. In the samples examined, no eggs 
or cysts were found to have passed 
secondary sand filters or underdrained 
land filtration areas. 


bo 


In 1945, eight cases of infantile paraly- 
sis occurred in an area draining to the 
Cydna sewage works. Monkeys injected 
with sereened sewage, settled sewage, and 
humus tank effluent developed paralysis, 
whilst the monkey injected with secondary 
sand effluent did not. Five months after 
the last known ease of paralysis was re- 
moved from the area, a repeat set of 
samples was taken with similar results. 

The author feels that these experiments 
prove the value of secondary sand treat- 
ment for South African conditions. 

The article contains a description of the 
Hamlin reversible sand filter which serves 
as a humus tank and sand filter combined. 

Primary filter effluent is supplied to the 
filter by means of a central channel 
throughout the bed length. The channel 
weir is at ‘the medium level. The filtered 
effluent is collected in two channels con- 
structed below and adjacent to the supply 
channel. 

By means of controls the bed can be 
drained down to medium level or below 
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and then backwashed with effluent from 
another filter bed in which the water level 
is 3 in. higher than medium level. The 
operation can be reversed and the primary 
effluent fed from below. 

This type of filter has been a great suc- 
cess in South Africa. 

K. V. Hin 


Purification of Waste Waters from Fruit 
and Vegetable Canneries. By D. Dicx- 
INsON. The Surveyor, 105, 1001-1004 
(Dee. 27, 1946). 


Experiments on lime treatment, with 
sedimentation, of fruit and vegetable can- 
nery wastes, the purification of the settled 
wastes in shallow clinker-filled channels, 
and the filtration of the settled wastes with 
recirculation on trickling filters are dis- 
cussed. 

It was found that the addition of 4 lb. of 
lime per 1,000 gal. assisted greatly the 
purification of the wastes with sedimenta- 
tion. Considerable experimental work was 
done to determine the correlation between 
the oxygen consumed reduction and the pH 
of the settled waste, in order to utilize the 
pH as a controlling factor. The conelu- 
sion reached was that, with a constant lime 
dosage, the percentage purification ob- 
tained by sedimentation is proportional to 
the strength of the crude waste, on which 
the pH of the tank effluent also depends. 
The ratio of percentage purification to pH 
of settled waste shows a maximum between 
pH 6.0 and 6.9, presumably the iso-electric 
point. The amount of lime added should, 
therefore, be varied so as to produce a 
tank effluent with a pH not less than 6.0, 
when a percentage reduction in the oxygen 
consumed value averaging 35 per cent of 
that of the waste may reasonably be ex- 
pected. 

In the experiments with clinker-filled 
channels, the channels were cut in the earth 
in a herringbone pattern to a total length 
of about 300 yards. The average width 
was 1 yd.. and the average depth 10 inches. 
Settled cannery wastes were passed through 
the channels at rates from 20,000 to 25,000 
gal. per day over a 10-hr. working period. 
A considerable quantity of grayish -slime 
developed on the clinker which contami- 
nated the clinker and necessitated removal 
and replacement with fresh clinker. The 
average purification effected during a one- 
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year period of test was 8.3 per cent, with 
the percentage for any three-months’ 
period varying from 5.4 to 13.1 per cent. 

A filter was constructed for experimen- 
tal purposes. The filter was 6 ft. in diam- 
eter and 6 ft. deep, filled with 1 to 114-in. 
limestone. Waste was applied to the filter 
with a rotary distributor rotating at 2.1 
r.p.m. Provision was made for adding 
filter effluent to settled waste to obtain vari- 
ous dilutions for recirculation. 

During the experimental period, wastes 
were treated from the canning of carrots, 
potatoes, beet root, rhubarb, spinach, and 
broad beans. 

Carrot waste was the first waste treated. 
There was no dilution of the waste. The 
effluent was recirculated 14 hr. at night 
and at weekends. For three weeks the vol- 
ume of waste treated in 10 hr. was 53 gal. 
per cu. yd. at the rate of 127 gal. per cu. 
yd. per day. No growth appeared on the 
surface of the filter. The effluents during 
the day showed about 90 per cent reduc- 
tion in B.O.D. Nitrites were produced 
during recirculation overnight, with little 
nitrate. 

Treatment of beet canning waste was 
then tried, with the dosage rate halved. 
Within three weeks, the filter was covered 
with a slimy growth and ponded badly. 
B.O.D. reduction was greater than before. 
The nitrite and nitrate production was 
greater before filtration than after. At- 
tempts to clear up the ponding by recir- 
culation of effluent and dilution of the 
wastes treated being unsuccessful, the 
filter was inoculated with Achorutes larvae 
and left for about two weeks. The insects 
greatly reduced the surface growth. 

The filter was put back into service 
treating potato waste at a dosing rate of 
110 gal. per cu. yd. per day, using a dilu- 
tion ratio of 2.9. There was a steady im- 
provement in the quality of the effluent. 

The next period was devoted to purifica- 
tion of beet root waste. The dosage rate 
was maintained at 110 gal. per cu. yd. per 
day, but the dilution ratio was reduced to 
2.0. B.O.D. reductions were in excess of 
96 per cent, with very good color removal. 

During the above, the filter was doing 
useful work only for 10 hours. It was 
being reactivated during the remaining 14 
hours by treating recirculated effluent. 
Recirculation of the effluent did not affect 
further purification. The function of the 
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process was to recondition microbiological 
film on the filter medium and to prevent 
ponding. 

During the progress of the work, some 
study was made of the effects of filtration 
on the bacterial content of the wastes. 
The results of these studies may be sum- 
marized by stating that the bacterial counts 
at 37° C. were reduced from 35 to over 99 
per cent by the recirculation system of fil- 
tration. 

The author concludes that the experimen- 
tal results indicate that some of the most 
difficult cannery wastes can be treated sat- 
isfactorily by diluting the settled wastes 
with two to three volumes of effluent and 
applying the mixture to the filter at the 
rate of about 100 gal. per cu. yd. per day, 
provided the mixture is treated for only 10 
hr. in each 24-hr. period. About 13 cu. 
yd. of filter medium were required to re- 
move each pound ef B.O.D. The most 
difficult waste to treat is that from potato 
canning. Carrot canning waste is easy to 
treat, with beet root waste the next most 
difficult. It is desirable to dilute the waste 
with a sufficient proportion of the filtered 
effluent to give a mixture having an aver- 
age B.O.D. of about 200 parts per million. 

K. V. Hin 


Study of the Treatment of the Wastes 
from the Preparation of Coffee. By 
Rosert K. Horton, Mario PACHECO AND 
Manvet F. Santana. Paper presented 
at Second Inter-American Regional Con- 
ference of Sanitary Engineering. Car- 
acas, Venezuela. Sept. 26 to Oct. 2, 
1946. (Original Paper in Spanish.) 


This is a report of work done on an un- 
usual waste, common only to countries pro- 
ducing coffee and a problem only in those 
countries. The object of the study was to 
determine an economical method of pre- 
venting stream pollution, and, if possible, 
to recover water for re-use in El Salvador 
(Central America) where water is scarce 
during the coffee preparing season. Coffee 
wastes are of two kinds: depulping 
wastes, carrying outer pulp removed from 
green coffee beans; and fermentation water 
used to wash the coffee beans during the 
fermentation period and as a conveyor to 
the drying platforms. The latter com- 
prises the larger volume. 
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The experimental plant is located at one 
of largest coffee plantations in El Salva- 
dor near the capital, which treats 500,000 
pounds coffee per day. The pilot plant 
comprised a retention lagoon of 4,860 gal.; 
sedimentation tank (plain) of 425 gal.; a 
stone filter 16 sq. ft. in area and 6 ft. deep; 
a final detention tank of 306 gal.; and a 
2 in. centrifugal pump driven by a gaso- 
line engine. To develop colonies of bac- 
teria in the filter, wastes were circulated 
through it daily for a month before the 
test began. 

Process of treatment: The wastes were 
run into the sedimentation tank. When 
chemical precipitation was used, the co- 
agulant was added in sedimentation tank 
and mixed by hand. The mixture then 
held for one hour in the sedimentation tank 
and then a predetermined volume (based 
on the filter loading selected and number 
of recireulations per hour) was siphoned 
in the detention tank. 

Samples of filter effluent were taken at 
2, 4 and 6 hr., but circulation through 
filter continued 12 to 16 hr. and sometimes 
24 hr. longer. All samples were settled 
one-half hr. before analysis. The analyses 
made were 5-day B.O.D. at 20° C., pH; 
turbidity and total solids. The tests dem- 
onstrated that wastes vary in every coffee 
plant, both in concentration and extent of 
contaminating elements. There was no ex- 
act data on the amount of water used per 
unit of coffee but it varied between 100 and 
260 gal. per 100 lb. coffee beans. Waste 
also varies hourly and are seasonal. 

The tables show the results of the tests. 
Table I shows analyses of untreated fer- 


TABLE I.—Characteristics of Fermentation 











Wash Water 
Min. Max. | Mean 
p.p.m. | p.p.m. | p.p.m. 





B.O. D. silinwada at 20° C.) 295 ‘| 3,600 | 1 1,700 








pH. hee yovsal ak | OB) ee 
Turbidity.............. 250 | 4,000 | 1,750 
Suspended Solids....... 235 | 2,385} 900 

| 3,140 | 2,100 


POUABDOHOS 03 ss %.5 5 oss 885 | 





mentation water, based on 30 different 
samples, taken on different days through- 
out campaign. Table II shows analyses of 
samples on middle day of campaign, also 
composited samples of that day. The 
B.O.D. shows that daily wastes consist of 
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TABLE II.—B.O.D. of Fermentation Water at 
Different Times during Washing Process 











= Time of Sampling : wort 

1 Start of wash 1,310 

2 33 hr. after start, near peak | 2,820 
of wash 

3 6 hr. after start 98 

4 End of wash (10 hr. after 35 
start) 

5 Composite of samples taken 490 
every 15 min. 











small volume of high concentration and 
relatively large volume of low coneentra- 
tion. Table III is a résumé of analyses on 


TABLE III.—Characteristics of 
Depulping Wastes 








Min. Max. | Mean 
p.p.m. | p.p.m. | p.p.m. 








B.O.D. (5-day at 20° C.) | 3,280)15,000) 9,400 


PUN isk Siero s irhaie seis: 4,1 4.7| 4.4 
MROBOIOROY hohe fs 5 0:d seine 1,500} 4,000) 2,900 
Suspended Solids.......} 625] 1,055) 790 








"POtaL BOHGSs. «60656 cas bene 12,340) 11,300 





depulping waters, based on 12 samples on 
different days in last half of campaign. 
Sampling hour always coincided with max- 
imum work in depulping operation. Table 
IV shows analyses of mixture of fifty- 


TABLE IV.—Characteristics of Combined 
Wastes. (507% Fermentation Water 
and 50% Depulping Wastes) 








! 
Min. Max. | Mean 
p-p.m. | p.p.m. | p.p.m. 


B.0.D. Guay at 20° C.) | 2,500 | 8,000 | 4,250 





DEH: '. be tareuvanet ous 4.3 4.7 57° 
Tur bidity. ee Oe ee 1,500 | 2,500 | 2,250 
Suspended Solids....... 530} 810} 640 
TOREl OMUBS <<. base se 6,800 | 7,240 | 7,050 











fifty of each waste during last days of 
campaign. 

General results of study were: Biologi- 
eal treatment with recirculation through 
stone filters was effective. One hour sedi- 
mentation produced very little reduction 
in B.O.D., usually between 16 to 29 per 
cent. After preliminary seeding of filter, 
fermentation water circulated for 3 days 
to accustom filter organisms to the wastes. 
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TABLE V.—Treatment of Fermentation Water by Recirculation Through a Biological Filter 
Filter Operating Conditions Per Cent Reduction Per Cent Reduction 
in B.O.D. After in Turbidity After 
ae aed Treatment for 2 Treatment for 
pintecdt =| No. Re Vol. Waste in Waste in 
siesta circulations in p.p.m. 2 4 6 p.p.m. 2 4 6 
M.G.A.D. per Hr. Gal. Hr. Hr. Hr. Hr. Hr. Hr. 
20 2 153 2,000 77.5 | 86.0 | 90.5 1,000 80 88 91 
20 5 ’ 61 295 72.9 | 85.5 | — 350 97 97 — 
40 5 122 1,990 53.7 | 63.6 | 75.7 1,500 40 53 79 
40 8 77 448 72.8 | 86.4 | 91.0 250 84 92 96 
60 5 184 2,700 73.6 | 85.5 | 90.4 2,500 80 84 90 
60 8 115 2,500 74.0 | 84.4 | 90.0*} 2,000 70 78 85* 
60 1 92 2,800 82.1 | 84.6 | 92.0 2,000 83 | 85 88 
100 15 102 2,100 73.7 | 80.7 | 87.5* 200 78 87 93* 
* Treatment for 5} hours. 
TABLE VI.—Chemical Precipitation of Fermentation Wash Water 
Coagulant | 
| Per Cent Sludge 
] pH — ; Hr. 
Name Dosage | Name Dosage | is 
Pel x» | me ie = 
Aluminum Sulfate....... 100 Lime 100 6.3 100 
Aluminum Sulfate.......| 3,000 Lime 600 7.8 98 
Ferric Chloride......... 50 Lime 25 5.1 100 
Ferric Chioride......... 500 | Lime 500 9.6* 99 
CO ree 200 | Lime 100 4.5 100 
SUMEMINS eo soi tecalo a «4 600 Lime 600 6.7 100 
Eo deans abus » i — om 9.6* 100 
BER cc a Sih tcl oe 5,000 | ~- — 9.6* 98 














* pH greater than 9.6. 


Table V shows total of 8 tests on fermen- 
tation water; Table X on depulping 
wastes. Loading on filter ranged between 
20 and 100 m.g.a.d. Number of recircula- 
tions between 2 and 15 per hour. Reduc- 
tion of B.O.D. varied between 53.7 and 
82.1 per cent after 2 hours sedimentation; 
63.6 to 86.4 after 4 hours and 75.7 to 92.0 
per cent after 6 hours. - Reduction of 96.0 
per cent obtained in 6 hours with recireu- 
tion of 10 volumes of waste per hour at 
loading of 60 m.g.a.d. 

There was no evidence of filter clogging 
during the tests but as wastes contain much 
mucilaginous matter clogging may have re- 
sulted if tests had been continued for some 
weeks. The longest period of filter opera- 
tion during tests was a little over one week. 

Table VI shows fesults of chemical pre- 
cipitation, with chémicals employed. Lime 
used as pH correctant in all cases. An in- 
soluble floc formed by all coagulants, with 
resultant slow settling surface mats. 
Lesser quantities coagulant shown in the 


table are minimum doses which produced 
good coagulation; the larger quantity is 
the maximum used during test. Lime pro- 
duced results equal with the others. Clay 
was added as weight but produced no bet- 
ter results than lime alone. 


TABLE VIII.—Chemical Precipitation of Fer- 
mentation Wash Water After Extended 
Fermentation Without pH 
Adjustment 








Sample of Fermented Wastes Treated with Lime 











| Per Cent 
Days after | Amount of Sludge Turbidity of 
Taking Lime Used After Supernatant 
Sample p.p.m. 1 Hr. Liquor 
Settling 
ae | = 
0 sample collected — 
1 es ane 
2 = an eS 
3 500 3.2 80 
1,000 11.0 60 
d 500 4.0 70 
1,000 5.7 60 
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TABLE IX.—Chemical Precipitation of Fermentation Wash Water After Extended 
Fermentation with pH Adjustment 














Sample of Fermented Waste Treated with Excess Lime 
Lime Total 
Days After Required Lime 
Taking ee (ee _ Added for Lime for Total Per Cent Turbidity 
Sample Neutralization | Neutralization Excess Amount Sludge of Super- 
r.p.m. p.p.m. Treatment Lime Used After natant 
| p.p.m. p.p.m. 1 Hr. p.p.m. 
0 sample collected 
1 344 
2 0 344 
3 119 463 
4 425 888 
5 106 994 
6 7 1,001 
7 37 1,038 1,100 2,138 100 _ 
8 0 1,038 500 1,538 4.9 30 
1,000 2,038 7.0 20 























TABLE X.—Treatment of Depulping Wastes by Recirculation Through a Biological Filter 



































Filter Operating Conditions B.O.D. (5-day) in p.p.m. Por Cent Reduction ino. D- 
After Treatment for 
Rate of No. Recir- Vol After Treatment for 
Recircula- culations A Settled 
tion in per Gal. Waste 
M.G.A.D. Hour 2 Hr. 4 Hr. 6 Hr. 2 Hr. 4 Hr. 6 Hr. 
20 5 61 15,000 4,680 4,350 3,300 68.8 TEA 78.0 
40 5 122 9,800 4,150 2,520 1,200 57.6 74.3 87.8 
40 8 (ith 4,900 1,530 1,325 1,245* 68.7 72.9 74.5* 
40 10 61 3,280 2,200 1,335 1,170 32.9 59.3 64.4 
100 15 | 102 15,000 5,120 5,000 — 65.8 66.7 — 

















* Treatment for 5 hours. 


TABLE XII.—Treatment of Combined Waste by Recirculation Through a Biological Filter 




















Filter Operating Conditions B.O.D. (5-day) in p.p.m. Peri Cont Radustanin:0 Di 
After Treatment for 
Rate of No. Recir- Vol After Treatment for 
Recircula- | culations iar Settled 
tion in per Gal. Waste 
M.G.A.D. Hour 2 Hr. 4 Hr. 6 Hr. 2 Hr. 4 Hr. 6 Hr. 
20 5 61 2,200 600 550 250 12.7 75.0 88.6 
40 5 122 2,450 920 650 420* 62.4 13.5 82.9* 
40 8 77 2,800 950 700 400 66.1 75.0 85.7 
40 10 61 2,951 900 700 450* 69.5 76.3 84.7* 
60 5 184 2,850 960 690 380* 66.4 75.8 86.7* 
































* Treatment for 54 hours. 





The tests proved that biological filters 
with high rates of application and recir- 
culation was the best method, but efficiency 
was less on depulping wastes than on fer- 
mentation water. Table XII shows re- 


sults of 5 tests on combined wastes, with 
various loadings and recirculations. Con- 
clusion: high rate filters with recirculation 
possesses definite advantages over “stand- 
ard rate” filter and other biological meth- 
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ods. This permits smaller filters, lower cost 
construction, automatic cleaning, and better 
able to withstand rapid changes in char- 
acter and concentration of wastes. This 
latter is of prime importance in treating 
industrial wastes, especially food wastes, 
textile and distillery wastes. High rate 
filters require less_ skilled attention. 
Wastes should be separated and only the 
strongest treated. Re-use of wash water 
reduces volume but increases strength of 
final wastes. 

The use of effluent for irrigation is pro- 
posed. Results indicate that wastes with 
small quantities of solids are not toxic to 
vegetable life, but more studies are re- 
quired to determine effects on soil in use. 
Investigation of treatment of these wastes 
with sewage should be made. 

E. B. BESSELIEVRE 


Purification of Sewage at F. D. Funes 
Hospital, Province of Cordoba, Argen- 
tine. By Cartos §. CARRIGUE AND OMAR 
L. VERNA. Revista de la Administraction 
del Agua, No. 110, pp. 113-125 (August, 
1946). 


The article describes a plant comprising 
Imhoff tanks and intermittant sand filters 
for a tuberculosis hospital, design popula- 
tion of 800. The original plant contained 
septic tanks and 12 wells, 10 ft. diam. x 25 
ft. deep. The ground was not suitable for 
absorption so the plant was abandoned. 
The new plant was designed for a flow of 
84,480 g.p.d. at 106 g.p.cd. average and a 
maximum of twice the average. 

The main sewer was reinforced concrete, 
62 in. diam., 2,132 ft. long with a velocity 
of 1.64 ft./see. 

A high grade effluent was required as it 
discharged into the Rio Cosquin which had 
a small flow and there were towns down- 
stream. The treatment had to be adapted 
to elimatie conditions; the mean tempera- 
ture being 60.4° F. and the annual rainfall 
25.56 inches. 

The treatment plant was also located 0.6 
mile from the hospital and 0.3 mile from 
a small town. 

The plant consists of hand raked bar 
sereens with 1 in. free spacing, the screen- 
ings being raked onto a perforated metal 
plate for draining after which they are 
buried. There are two Imhoff tanks with 
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rectangular reinforced concrete sedimen- 
tation compartments, 5.1 ft. deep and slope 
of 1.5 to 1, with a detention period of 1.5 
hours. There are two bottom slots each 
9 in. wide. The gas slots are 6.58 in. on 
each side.w The channels and stop gates 
are arranged for cut out of either unit. 
There are conerete vanes projecting down- 
ward at the entrance and exit to the sedi- 
mentation compartment and 12 in. under 
the surface which catch floating solids ani 
prevent their passage to the sand filters. 

The digestion compartment is designed 
for 1.8 eu. ft. per eapita, each with two 
hoppers with slopes 1.7 to 1, the bottom 
being 16.4 ft. from the liquid level. There 
are holes in the walls between hoppers to 
equalize sludge and load. There is a scum 
compartment on each side of the sedimen- 
tation compartment with free area equal to 
40 per cent of the horizontal area of the 
sedimentation compartment. This large 
area was: deliberate in an effort to elimi- 
nate foaming. The scum slot sides are ele- 
vated 19.5 in. above the top tank to pre- 
vent slopping over. The volume of the 
scum compartment is fixed at 50 per cent 
of the volume of the digestion compart 
ment. 

The sludge is discharged by hydrostatic 
head into measuring boxes and thence to 
sand drying beds. 

The effluent is run onto intermittent sand 
filters. As there is no natural sand nearby 
the cost for sand filters is high. The sand 
is graded according to the norms estab- 
lished by the committee on filtering ma- 
terial of the ASCE, 1937. There are 8 
filters and these are each dosed once per 
day. The dosage rate is 79,060 g.p.a.d. 
The total area of the sand filters is 1.06 
acres, each unit being 5,400 sq. ft. The 
dosing tank holds 10,560 gal. and is di- 
vided into 8 sections, one to each filter. 
The sand filters are in batteries of 4 with 
walks in between. The distribution of the 
effluent is by open troughs onto semicir- 
cular concrete splash pads. The drains are 
open joint pipe or are covered with gravel. 
The filter surface is graded for perfect 
distribution. 

The dried sludge mat from the filters is 
estimated at 5,250 ecu. ft. annually. The 
area of the sludge drying beds is 1.0 sq. ft. 
per capita. There are ideal drying condi- 
tions as there are only 60 days of rain per 
year. Sludge is applied to beds 7.8 in. 





Vi 
de 
al 


ta 


us 


Pe, re ee ee ee ee ee ee.) 


Tn 


a 


=e wT OCD ' 





Vol. 19, No. 3 


deep. There is a central covered drain 
and the drainage is returned to the Imhoff 
tanks. 

Chlorination of the effluent is proposed 
using hypochlorinators. 

A small building houses the chlorinators, 
material stores, wardrobes and bath for 
personnel. There is a house for the opera- 
tor 500 ft. away containing two rooms an 
an office. . 

The article is illustrated with sketches 
and euts of plans. 

K. B. BESSELIEVRE 


Twenty Years’ Experience with the Dis- 
solved Oxygen Absorption Test in 
China. By W. E. Aszporr. J. Society 
of Chemical Industry (Brit.), 65, No. 3, 
87-90 (March, 1946). 


The deoxygenation rate of diluted sam- 
ples of sewage and effluents was followed 
and at intervals the ‘different forms of 
nitrogen were determined. The two stages 
of oxidation were well defined and in a 
number of cases a lag period before the 
carbonaceous stage was evident. 

A good agreement between calculated 
and observed values was obtained by the 
use of a modified formula 


L 
log —— = K(-T 
eT IX, ( ) 
where L = total carbonaceous absorption 
X;, = absorption time in ¢ days 
T = constant 
K =constant time (days) 


The calculations were made on the basis of 
observed results up to 5 days, after which 
nitrification exerted an influence. 

In adjusting the equation to the experi- 
mental data: “a tentative value of L was 
chosen from inspection of the absorption- 
time graph up to the commencement of 
nitrification. The corresponding values 
of (L—X;) were ealeulated and log 
L/(L — X;) was graphed against the time. 
If the points lay on a straight line the 
values of K and T were derived from its 
characteristics.” If the points were on a 
curve then a lower value of ZL was adopted 
and the computation repeated. 

In Table I are shown the facts as repre- 
sented by the modified equation: 
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TABLE I.—Course of Absorption of a 
Sewage Sample 


























Dissolved Oxygen Absorbed at 20° C. 
Incubation Parts per Million 
Days 
Actual Calculated 
2 97 96 
3 164 165 
4 214 213 
5 247 247 
c 322 — 
330 


Calculated from log 330 -X.7 0.15 (¢ — 1.0). 


Xe 


TABLE III.—Distribution of the Values 














of K at 20°C. 
Number of Cases 
Value of K ~~ Cents: o— 

Settled Prat River 

Sewage Water 
0.075-0.099 4 7 4 
0.100-0.124 14 11 6 
0.125-0.149 9 9 3 
0.150-0.174 7 6 3 
0.175-0.199 4 8 0 
0.200-0.224 1 3 4 
0.225-0.249 1 1 1 
0.250-0.274 3 1 — 
0.275-0.299 1 = — 














TABLE V.—Course of Absorption of a 
Sewage Sample at 11°C. 





























Dissolved Oxygen Absorption 
pave : Parts per Million 
Time in 
Days 
Found Calc. Eq. A | Calc. Eq. B 
1 16.5 0.0 14,2 
2 34.2 0.0 35.8 
3 60.3 59.9 63.3 
4 96.9 96.6 92.0 
5 117.6 119.2 116.2 
7 142.2 141.5 143.1 
Eq. A | = 0.212 (t — 2.0) 
-A log =| -_ = 0. — 2.0). 
’ "it Z, 
155 (X, + 18.0) 
oq. —————_ = 1.256 .294t. 
Eq. B log 155 — X, 56 + 0 


“The simpler formulation of the modified 
monomolecular equation represents the 
data very well for the period from 3-7 
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days. On the other hand, the whole of the 
absorption up to the 7th day can be repre- 
sented tolerably well by the equation 


155 (X; + 18.0) 
155 — X: 





log = 1.256 + 0.2941 


This is an algebraic simplification of Fair’s 
equation 


_ xX: 
log —*! = log  — (hal + ki)tloge 
ss 1 v1 
Xe + 
when k; = 0.0704 
k. = 0.0039 
L = 155.0 


As above L is the total carbonaceous ab- 
sorption and X; is the oxygen absorbed in 
t days.” 

The values of K and 7 varied consider- 
ably at any given temperature as indicated 
below. 

The substitution of (¢— 7) for ¢ in the 
monomolecular equation takes into cogni- 
zance a period of accelerating absorption 
before the characteristic course of absorp- 
tion is established. At temperatures above 
25° C. the need for the correction had prac- 
tically disappeared. 

The course of the carbonaceous stage at 
constant temperature varies considerably. 
It is impossible to calculate the B.O.D. of 
a sample for any time from the known 
B.O.D. for a single period. There is no 
sharp demarcation between carbonaceous 
and nitrogenous stages. The duration of 
carbonaceous oxidation varied from 4 to 
8 days (average 514) in 45 cases after 
which nitrification also exerted its influ- 
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ence. As a rule the B.O.D. of the sample 
was independent of the dilution. 

The B.O.D. determination gave high and 
variable results in the case of well-clari- 
fied activated sludge effluents unless the 
NH; —N had been nearly all oxidized in 
the treatment. At times exceptionally good 
effluents gave B.O.D. values approaching 
those of the original raw sewage. To over- 
come this difficulty incubation periods of 2 
and 5 days were used for a time. Raw 
sewage gave a ratio of 5: 2-day B.O.D. of 
1.9 and activated sludge effluents gave a 
ratio of 3.5. Below are given the percent- 
age of samples falling in the different 
ratio groups: 














Percentage of Cases Falling 
in Group 
Ratio 
Raw Sewage Effluent 
Under 2 4 3 
2.00-2.99 75 25 
3.00-3.99 17 36 
4.00-4.99 oo 9 
5.00-5.99 -— 15 
6.00-6.99 , 4 3 
7.00-7.99  . — 6 
Over 10.00 | a 3 











This method of assessing the purification 
was found generally satisfactory but at 
times the 2-day B.O.D. of sewage samples 
was low owing, to a lag period, while the 
5-day B.O.D. of the effluent was high owing 
to nitrification. As a compromise a 3-day 
period of incubation was adopted as stand- 
ard retaining the 5-day period as a lesser 
standard. The percentage purification by 
using the 3-day ‘incubation period is prob- 
ably the greatest: that can be obtained. In- 


























4 
TABLE VI ' 
: Value of K : ; 
Type Liquid —" ‘ 4 ers Cases 
Ave. Max. Mjn. 
Raw Sewage................- 20 149 290 040 40 43 
Centrifuged Sewage.......... 20 143 .269 0&5 .35 46 
NE sot, ok Ao uashes 6 4s 20 .150 .246 07 15 13 
ier Water................. 20 118 .152 Os 22 8 
Activated Sl. Eff. Shaken...... 20 .098 100 09% nil 5* 
Activated Sl. Eff. Filtered... .. 20 165 .366 108 .04 7 
Settled Sewage............... 37 .304 .430 194 —.06 5 
‘ 














* The stage was too short for mathematical treatment in the great ‘najority of cases. 
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cubation for one or two periods without 
determination of possible changes in the 
nitrogen compounds can never be wholly 
satisfactory. 

An attempt was made to correlate L 
values at 20° C. and oxygen consumed 
from permanganate. The following re- 
sults were obtained with raw sewage and 
activated sludge effluent: 





The Ratio ee. 
permanganate absorption 
Ave. Ratio 
Raw Sewage (Jan.—March)........... 4.8 
Raw Sewage (April—June)............ 4.1 
Raw Sewage (July—Sept.)............ 3. 
Raw Sewage (Oct.—Dec.)............. 4.5 
HEUCNAB WOOL 6b Socre,c, 6's Seb wis denies 1.5 
Effluents (indifferent)............... 2.1 


Whampoo River water, which had passed 
through the filtration plant, was used as 
the dilution water for the B.O.D. tests. 
Many results were run checking B.O.D.’s 
obtained with this water vs. standard bi- 
carbonate dilution water. 

H. HEUKELEKIAN 


Refinery Waste Disposal—X. Preventing 
the Fouling of Cooling Waters Reduces 
Plant’s Waste Disposal Costs. By W. 
B. Harr. Petroleum Processing, 1, No. 
2, 102-8 (October, 1946). 


The belief is prevalent that water which 
is normally out of contact with oil is al- 
ways uncontaminated, and can be dis- 
charged without attention. But usually 
there are a number of sources of contami- 
nation, such as leaks in tubular coolers, 
spills to sewer inlets, and similar acci- 
dents. Precautions ean be taken to avoid 
accidental contamination, and the economy 
of such measures is obvious, for some 
wastes can then be disposed without treat- 
ment, and the treatment required by others 
is simple and inexpensive. 

Most of the water used in a refinery is 
cooling water, and tubular equipment 
causes the major problems of water pollu- 
tion. Where the cooling water is under 
greater pressure than the oil, when tube 
leaks occur the water leaks into the oil 
and the cooler waste water can be dis- 
charged without treatment except, possibly, 
for temperature correction. But where 
the pressure conditions are reversed, when 
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leaks occur the cooler water will contain 
oil and serious pollution may result. 

Pollution will not occur in a refinery 
with a single drainage system and proper 
treatment facilities because oil leakage 
will be retained in the plant. Where a 
separate system is maintained to carry off 
uncontaminated waste water, pollution can 
be prevented by installing directional dis- 
charges from coolers. Each cooler should 
be equipped with a sight-box through which 
the waste cooling water flows to a header 
connected to the uncontaminated sewer. 
When an oil leak occurs, the oil will be 
visible in the sight-box and the water can 
be diverted to another header connected to 
the sewer leading to the treatment plant. 
Such a system will avoid serious pollution 
because leaks discharging large quantities 
of oil rarely occur abruptly. Also, this 
seheme permits construction of a much 
smaller sewer than would otherwise be nec- 
essary. 

It is sometimes desirable to hold a re- 
serve supply of water for emergencies. 
Reserve water tanks could be used to re- 
tain contaminated water from a leaking 
cooler if they were equipped with goose- 
neck outlets to drain away excess water. 

Tars and other products are frequently 
cooled in a coil of pipe in a box through 
which a suitably baffled stream of -water 
flows. Oil leakage can be retained by an 
effluent baffle or by a submerged outlet. A 
baffled outlet is normally best, because it 
will serve both where the oil is lighter or 
heavier than water. Where the oil is con- 
sistently heavier than water a submerged 
outlet should never be used. 

Relatively uncontaminated waste water 
usually need be corrected only for tem- 
perature, dissolved oxygen, and toxicity. 
The degree of correction is a matter for 
judgment; it will depend on the volume 
and character of the receiving water. The 
dissolved oxygen in water is a function of 
temperature, and water which is too hot 
for direct discharge can be cooled and re- 
aerated at the same time by allowing it to 
discharge through a shallow trough 
equipped with baffles, weirs, cascades, or 
similar devices. Temperature can be re- 
duced several degrees in 200 to 300 ft. of 
trough flow, provided the velocity is not 
excessive. These troughs should be placed 
where they will receive the effect of wind 
action. 
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Where the low flow of a stream is con- 
siderably in excess of the waste water dis- 
charge, a simple weighted averaging of 
the two flows will disclose the effect on the 
stream. It is desirable to calculate the 
pounds of oxygen required per day by the 
waste, and then determine the average re- 
duction of oxygen in the stream. If the 
waste water reduces the oxygen in the 
stream below about 5 p.p.m. at low flow, 
additional aeration should be provided. 

Toxicity in these waste waters is usually 
caused by the appearance of metal ions 
resulting from corrosion. Where the re- 
ceiving water is hard, these ions will nor- 
mally be precipitated as the waste mixes 
with the receiving water. But where the 
water is soft, or contains insufficient bi- 
carbonate alkalinity to react with all of the 
soluble metal, serious effects on aquatic 
life may appear. Standardized fish tests 
should be used to establish the presence of 
toxicity. If toxicity is detected, each flow 
which contributes to the main flow should 
be tested to locate the source of the trouble; 
the offending flows ean then be diverted to 
some other treatment for correction. 

Ricuarp D. Hoak 


Refinery Waste Disposal—XI. Designing 
Disposal System for Discharge of Un- 
contaminated Waste Waters. By W. 
B. Hart. Petroleum Processing, 1, No. 
3, 193-6 (November, 1946). 


The ideal way to solve the problem of in- 
dustrial waste disposal is not to produce 
the waste. This is not always possible, but 
uncontaminated waste water can _ fre- 
quently be reused; this is a fortunate cir- 
cumstance where water is not plentiful. 

Disposal by reuse can be applied in any 
refinery, and where a single sewer system 
collects all of the wastes for correction in 
a final waste treatment plant, reuse of 
cooling water may remove a major part 
of the load on the treatment facilities or 
permit the use of smaller equipment. 

Cooling equipment must be protected, 
however, and the cooling water must not 
contain oil. It is necessary, therefore, to 
maintain the same freedom from oil as if 
the water were to be discharged into clean 
surface waters. 

Where relatively uncontaminated waters, 
which have been cooled and aerated, must 
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be discharged to surfae water there 
should be provision for tapid admixture 
with the receiving water.‘ If this is not 
done, the value of cooling’ and reaeration 
will largely be lost. The degree of treat- 
ment afforded wastes discharged into 
streams will depend to a Itrge extent on 
the base flow of the stream. | 

In a small, rapid stream, where naviga- 
tion is not a question, the ful! width of the 
stream may be used, unless a fish-way is 
desirable. Under such conditions, the out- 
fall may extend as far as recessary into 
the stream, and it should have perfora- 
tions or other outlets along its submerged 
length, to provide rapid mixihg. 

In deeper, more slowly moving streams, 
a submerged barrier should be placed im- 
mediately downstream from thé sewer, and 
a berm of rocks immediately upstream for 
protection. Such lines usually need not be 
anchored, but they should be' submerged 
sufficiently deeply to providet protection 
against floating debris or surfaJje freezing. 

For quite deep streams the ade kind 
of construction may be used, bitt the out- 
fall need extend only part wayialong the 
bottom. Such streams may be — 
and the army engineer or ajpropriate 
state agency should be consultell. Large 
streams are frequently sluggish‘near the 
shore, and have one or more mair} channels 
which carry the bulk of the flow. In 
these cases, the sewer should ney be per- 
forated, but should extend to a phint near 
a major channel where the greate¢t turbu- 
lence exists. It should terminate in a 
side-branched cross so that the whste will 
be discharged horizontally in four direc- 
tions. The line must be located Where its 
interference with other uses of th stream 
will be at a minimum. \ 

This type of deep stream _— 
is chiefly concerned with the protePtion of 
aquatic life, which is largely found in the 
shallower reaches of the stream} Even 
the largest fish come to these areas{to feed 
and to spawn. It is therefore esschtial to 
avoid the discharge of wastes inh these 
sluggish regions. | 

Proper disposal of wastes intp tidal 
waters presents peculiarly difficul{ prob- 
lems. Here the flow is constantly ck ¢nging ; 
at high tide the point of discharge "jay re- 
semble a pool stage where efficient !mixing 
is impossible. A survey of the tempera- 
tures and currents in the tidal areetshould 
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be made by means of floats which can be 
set to show these conditions at various 
depths. Such surveys should be made 
sufficiently often, and at different seasons, 
to afford all of the necessary data. When 
this information has been obtained, it is 
possible to adjust the degree of treatment 
to the conditions. Construction of holding 
reservoirs is often helpful, because they 
will permit advantage to be taken of rapid 
currents which occur more or less periodi- 
cally. 

Disposal into lakes often involves very 
difficult problems, involving the laws reg- 
ulating the use of natural waters for dis- 
posal by dilution. It is apparent that 
the most important factor is the concentra- 
tion of deleterious factors in the waste, 
because certain wastes may be lethal if 
only from osmotic effects; this can even be 
true in sea water. For this reason, it is 
essential that the wastes be so dispersed 
that the concentration of these substances 
will be reduced below the danger point. 
Here, again, a satisfactory sewer cannot 
be laid into a lake until a survey has been 
made to record temperatures and currents 
at various levels and during different sea- 
sons. 

It is important that the inlet end of any 
disposal sewer be so designed that air 
bubbles will not be drawn into it. Al- 
though the entrainment of air actually is 
helpful, where the sewer discharges a 
streak of bubbles, or a grayish film, will 
often appear which may result in the accu- 
sation that the plant is not being especially 
careful in its waste disposal practice. 

Ricuarp D. HoaKx 


Refinery Waste Disposal—XII. Improper 
Control of Storm Run-off Water May 
Nullify All Waste Treatment Efforts. 
By W. B. Hart. Petroleum Processing, 
1, No. 4, 248-52 (December, 1946). 


The handling of storm run-off water has 
been the subject of probably as much con- 
troversy as any other phase of refinery 
waste treatment and disposal. Surface 
waters which have been maintained in a 
clean condition have been so seriously 
damaged by a single instance of pollution 
that several years were required for resto- 
ration. Such damage often can be traced 
to storm run-off which flushed away ac- 
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cumulations of waste. There is sufficient 
evidence to support the claim that all storm 
water which may become contaminated 
should be passed through the refinery 
waste treatment facilities. This gives 
great importance to means for preventing 
pollution of surface run-off. 

Grade differences, plant layout, kinds of 
operation, railways, roadways, pipelines, 
surface structures, and “housekeeping,” 
are the principal items to be considered 
in protecting run-off against contamina- 
tion. Grade difference is important be- 
cause it controls the direction of flow and 
peses the problem of so restraining the 
run-off that the greatest quantity is kept 
free of pollution. Pollution, in this in- 
stance, means contact with oil which has 
escaped accidentally. The places at which 
these contacts may occur should be deter- 
mined by a refinery survey, to permit di- 
version of storm water around them. 

Leaks and spills of oil are most likely 
to occur in areas where equipment is con- 
centrated. It is here that good housekeep- 
ing can eliminate sources of potential con- 
tamination of storm run-off. Clean-up of 
spilled oil before it can accumulate and 
penetrate the subsoil will avoid the neces- 
sity for isolating these areas. To be effec- 
tive, however, the housekeeping must be 
thorough and continuous. Areas in which 
there is continual leakage from sampling 
cocks, pump glands, valves and other de- 
vices cannot be included; these locations 
must be diked and drained to the contami- 
nated sewer system. 

Pipelines were formerly regarded as seri- 
ous sources of pollution, but the current 
practice of using welded line construction 
and pressure controls has greatly reduced 
the hazard from this source. Old lines, 
however, must still be regarded with sus- 
picion. Loading racks for tank trucks 
and cars are never free from spills, and 
these areas must be guarded from storm 
run-off. 

Tank farms may or may not be sewered. 
Where sewered, a line from inside the dike 
surrounding each tank should be connected 
to the contaminated sewer system. Where 
unsewered, storm water may be drained to 
the area outside the dikes if any accumula- 
tions of oil are first removed or prevented 
from discharging through the drain. This 
method of controlling tank farm drainage 
must be handled carefully; drainage lines 
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must be kept closed at all times except 
when in actual use under proper super- 
vision. 

Rail and roadways present annoying 
localized problems where curbs are used 
to control run-off, especially where they 
are just at grade. These will require in- 
genuity on the part of plant personnel, 
because each instance will comprise an 
individual problem. As a last resort it is 
always possible to elevate the roadbed just 
sufficiently to permit the passage of the 
curbing underneath. 

In controlling storm run-off it is fre- 
quently desirable to provide a series of 
sewers or ditches to reduce, as far as pos- 
sible, the distance the water flows on the 
bare ground. This practice will avoid 
erosion, and will prevent the build-up of 
water on flat areas during periods of heavy 
rainfall. 

Run-off water from sections which 
drain to the contaminated sewer system 
presents a problem important in the design 
of waste treatment plants. Wherever pos- 
sible, actual measurements of the rate of 
run-off should be made because, where 
these flows must be estimated, the problem 
is far from simple. 

Where run-off rates are to be measured, 
installations must be made which will re- 
main in place for a sufficient time to ex- 
perience enough storms to provide the 
necessary data. A number of factors 
must be considered as, for example, in flat 
country the flow differentials will be low, 
and the drainage measuring devices must 
be such that they will not back up the flow 
excessively. The use of fire streams is 
another element which must be considered 
in gauging run-off water. 

Orifices, weirs, flumes, and_ velocity 
meters are used to measure flows, and cir- 
cumstances will dictate which can best be 
used in a given instance. Orifices can be 
used where sewers run full, or at the point 
of discharge of a sewer where there is 
sufficient slope to permit the head loss 
necessary for free discharge from the 
orifice plate. Weirs can be used effec- 
tively in open flumes which can be pro- 
vided with a stilling chamber to eliminate 
the effect of velocity of approach. This 
paper concludes with a description of the 
methods of installing and using different 
flow measuring devices. 

Ricuarp D. Hoax 
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Experimental Work at the Norther Out- 
fall Works of the London County /Coun- 
cil, 1940-1946—Part J. By E. H. jVicx. 
Paper* presented at a meeting }f the 
Metropolitan and Southern Bra:jch of 
The Institute of Sewage Purifikation, 
October 19, 1946. 20 pr i 


Most of the experimental work decribed 
in this paper was started with 4 view 
toward utilizing the organic mat%er in 
sludge as a fertilizer due to the exipected 
shortage of inorganic fertilizers during the 
War. Other experiments were direfted to 
overcoming various technical difffeulties 
experienced in working the plants sat the 
Northern and Southern Outfall Wokks. 
The Northern Outfall Works has the 
following typical raw sewage analyisis ex- 
pressed in parts per million: : 








Solids Nitrogen 
Chlo- wi Jay 
Sus- Dis- rions Ammo- Or- B.O.D. 
pended | solved nia ganic 

















386 | 1040 | 213 39.9 | 24.5 | 300 





{ 
The average daily dry weather flow is 180 
m.g.d. (Imp.). 60 m.g.d. is given activated 
sludge treatment. Sludge vessels barge 
27,000 tons/week t» the Thames Estuary. 

Dewatering Activuted Sludge. Vacuum 
filter tests were run on a small experimen- 
tal unit that had a filter cloth area of 3.14 
sq. ft. It was fitted with a vacuum pump 
producing an average vacuum of 20 in. of 
Hg. and an air compressor giving a blow- 
back of about 5 lb. per sq. in. The coagu- 
lant used in this series of tests was com- 
mercial ferric chloride crystals containing 
40 per cent by weight of water, the crys- 
tals being dissolved in water to make a 45 
per cent solution. From the results it ap- 
peared that 6 per cent was the optimum 
amount of coagulant based on dry solids. 
Chlorinated copperas as a coagulant gave 
only one half the weight of dry solids as 
was obtained by FeCl; when each had a 
4 per cent solution. 

A series of experiments was carried out 
on dewatering activated sludge by means 
of a sludge press of the “Radicon” type 
which consisted of nine chambers, each 13 
sq. in., and capable of producing cake 1 


*A preprint. 
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Vacuum Filter Tests 
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wo Feo | MLN ftte | ack DR i 
4.44 3.83 0.605 
9.5 4.55 0.66 
9.5 5.12 0.72 
8.33 4.7 0.686 
7.14 3.75 0.543 
7.14 3.74 0.591 
7.14 4.74 0.673 
6.8 2.84 0.435 
6.8 3.4 0.538 
6.0 4.68 0.722 
5.58 4.48 0.628 
5.27 3.9 0.582 
4.46 2.9 0.40 
4.44 3.83 0.605 
40 | 3.34 0.45 
38 | 4.34 0.556 
3.8 | 4.53 0.57 
3.0 | 2.96 0.323 
3.0 3.42 0.442 
2.11 2.94 0.365 
2.11 3.9 0.475 








in., 3%4 in. or Y% in. thick. The tests car- 
ried out consisted of a comparison of times 
and cake thicknesses, z.e., 1 in. chambers 
were tried for 1, 2 and 3 hr. running time 
and similarly for 3% in. and 1% in. cham- 
bers. From 8.78 per cent to 10.4 per cent 
of FeCl; was used as a coagulant. From 
results it would appear that three runs of 
one hour duration would give 50 per cent 
more cake than one run of 3 hr. but in 
practice it would probably be more effi- 
cient to run the press for a period of three 
hours as, in addition to decreasing the 
number of times of cleaning the filter 
cloths, each cleaning would be more simple 
owing to the relative dryness of the cake. 
The cake obtained from the press is 
slightly drier than the cake obtained from 
the vacuum filter and would consequently 
require less air drying and hence less bed 
area. About 15 per cent more of the 
available solids in the sludge were retained. 
The amount of labor involved in operating 
the press and transferring the wet cake to 
drying beds is approximately the same as 
for similar operations with a vacuum fil- 
ter, but in the ease of the press additional 
labor is necessary in dismantling the plates, 
cleaning the filter cloths and re-assembling 
the plates. 

In view of the impossibility of obtain- 
ing a larger vacuum filter during the War, 
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experiments were also carried out on the 
drainage of activated sludge on sand fil- 
ters. These experiments were on a larger 
seale than either the vacuum filter or sludge 
press experiments. This plant consisted 
of a east iron settling tank, two sand filters, 
an air drying area and a disintegrator. 
In the first tests ferric chloride was added 
as a coagulant but as the filter appeared 
to drain equally well without it, it was dis- 
continued in the later tests. The ability 
of a sand filter to dewater activated 
sludge without the addition of a coagu- 
lant is an important economic factor. 
When settled sludge was placed on the 
beds at 1314 in., 7% in., and 61% in., the 
respective periods before the cake could 
be lifted were 15, 8 and 11 days. This 
was reduced to 3 or 4 days when a depth 
of only 3 or 4 in. was applied. About 50 
per cent to 60 per cent moisture was pres- 
ent when the wet cake was lifted from the 
sand filters and placed on drying beds for 
a period of one to two weeks. When the 
moisture content was reduced to between 
20 per cent and 30 per cent, the cake was 
disintegrated and the following analysis is 
typical: 

















Sample | Calculated 
as on Dry 
Received Matter 
Per Cent 
IVEGIBOMR ON <ec5055i5 30.0 » 2°, 025 11.67 — 
Residue on Ignition...... 41.01 46.43 
PHUR ee as Sais kas ae 30.70 34.75 
INUROONE Fi) 24s 5.60% 0 3-004 4.17 4.73 
Phosphoric Acid (P2035). . . 2.02 2.29 
PORAB CGO). ccc ens 0.37 0.42 
TOtArCAFDOR:.;.... ++ 4 «2+ 26.6 30.1 
Inert Carbon..<... 66.6: 2.3 2.7 
Carbonate Carbon....... 0.3 0.3 
Available Carbon....... 24.0 27.1 








The high percentage of extraneous sand 
lifted from the filter bed with the cake was 
the one objection to the sand filter. As 
well as decreasing the value of the product 
as a fertilizer the amount of labor involved 
in ridding the cake was uneconomical. An 
experiment was therefore put in hand to 
determine if perforated zine plates as a 
cover to the filter media would prevent the 
adherence of sand. Plates 1/16 in. thick 
with circular perforations 1/8 in. dia. were 
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constructed and fitted with lifting frames. 
In the first trial the sludge cake was re- 
moved from the plates after three days 
and contained only 41.8 per cent moisture. 
Practically no sand adhered to the cake. 
In contrast a parallel trial on sand filters 
alone contained 73 per cent moisture and 
had a layer of sand on the under surface. 
In a second trial the moisture contents 
were 26.1 per cent and 41.9 per cent even 
though the high figure remained on a di- 
reet contact sand filter for eleven days 
longer. It was concluded that the use of 
perforated zine plates appears to enable 
the sludge to drain more quickly, and it is 
apparent that the secondary drying period 
is shortened: owing to the thinness of the 
cake. This enables both filter and drying 
area to be smaller, or alternatively more 
frequent use of the filters is possible. The 
labor in lifting the sludge was very much 
reduced, and no labor was required to 
riddle the cake. In addition, as the eake 
contains very little sand, its value as a fer- 
tilizer is improved. ‘ 

Porous conerete filters constructed from 
a 12 to 1 mortar were also tried. A typi- 
eal analysis of the dried cake as lifted from 
the conerete filters is as follows: 














As On Dry 
Received Matter 

BERNER is obs bes 89.42 — 
Mineral Matter......... 2.31 21.83 

Acid Insoluble (Sand) and 

Silicious Matter...... 0.79 7.46 
PIRSRINION fy o ois oa ss os 0.76 7.23 
Phosphoric Acid, P20. . . . 0.38 3.60 
git he © § eae 0.07 0.63 











The results obtained on porous concrete 
filters might generally be considered to be 
unsatisfactory compared with those of the 
sand filter. It was proved that the addi- 
tion of a small dose of coagulant improved 
drainage. One problem that remained un- 
solved was to prevent the solids in the 
sludge settling out as soon as the sludge 
was poured on the filter, as those depos- 
ited in the first hour form a gelatinous 
film on the surface of the filter which ap- 
pears to be almost watertight. However, 
in view of the fact that concrete filters 
have many advantages over the sand filter 
in the operating costs in removing the 
sludge, the more permanent character of 
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the surface, and the improved quality of 
the sludge cake due to no extraneous sand 
being picked up, it was proposed to con- 
tinue these experiments. 

A series of experiments on dewatering 
activated sludge by a _ hydro-extractor 
were carried out. Unfortunately, it was 
possible to obtain only a laundry type 
machine. Its perforated sides were lined 
with filter cloth similar to that used in the 
vacuum filter. Difficulties were encoun- 
tered in balancing the machine properly 
and in removal of the filtered cake; and 
as it was impossible to obtain suitable 
equipment, no further experiments were 
carried out by this method. 

Storage of Activated Sludge. During 
the shutdown of the activated sludge treat- 
ment for coal conservation, it was neces- 
sary to store activated sludge. Therefore 
the paddles in one aeration set were oper- 
ated at the highest speed possible to pro- 
vide aeration and cireulation of the mixed 
liquor. Once each day the paddles were 
stopped and the sludge allowed to settle. 
Out of a total of 1,200,000 gal. (Imp.) 
usually about 75,000 gal. of supernatant 
were pumped out, and this was replaced 
by raw sewage. No diffused air was used. 
About 140 tons of coal were saved per 
week. When the plant was restarted on 
April 1, 1946, the value of this stored acti- 
vated sludge was apparent, as it enabled 
the activated sludge tanks to resume oper- 
ation in a much shorter period than it 
would have been possible to do otherwise. 

Secondary Sedimentation. As a result 
of the shutting down of the activated 
sludge plant, the final settling tanks were 
out of use, and it was decided to use them 
for secondary sedimentation. Performance 
proved to be rather variable, as was to be 
expected, as these tanks were not designed 
for this purpose. It was noted that at 
some periods the effluent contained more 
suspended solids than the influent, in spite 
of the considerable quantity of sludge re- 
moved daily. Generally, the conclusion 
was reached that the provision of secon- 
dary sedimentation tanks would not be an 
economical proposition, having due regard 
to the fact that a very high degree of puri- 
fication is not required. 

Sludge Digestion. In 1938 a large seale 
experimental plant was installed at the 
Northern Outfall Works designed to treat 
44,800 gal. (Imp.) of crude sludge per day. 
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The plant consists of 4 digestion tanks, 
each having a capacity of 100,800 gal. 
(Imp.). They are covered with a fixed 
concrete roof fitted with two gas collecting 
domes to each tank. The sludge was pre- 
heated to 110° F. in two heating tanks. 
Heating is carried out by means of hot 
water coils in the heating tanks, the water 
being either condenser cooling water or ob- 
tained from gas-fired boilers via calorifiers. 
The process is one of partial digestion 
only, as digestion last for 9 days. 

As some trouble had been caused by 
foaming, it was suggested that a reduction 
of the working temperature in the diges- 
tion tanks to 85° F. would be effective. In 
1945 the temperature was gradually 
dropped to 85° F. and the results have 
been evident in elimination of foaming 
without reduction in gas production. i 

A series of experiments was initiated on 
pre-heating the sludge by direct steam 
heating. A temporary steam main one 
in. in diam. was carried down the center 
of one of the sludge digestion plant settling 
tanks. The steam was used at a pressure 
of 160 lb./sq. in., superheated to 550° F. 
superheat. Results indicated that the 
steam heating has the advantages of sim- 
plicity and low initial cost. The experi- 
ments are being continued at the present 
time and arrangements are being made to 
measure the steam used directly and to de- 
termine the best spacing of the steam jets 
to give even heating of the whole mass of 
sludge. 

Sludge Thickening. Experiments were 
made to settle the partially digested sludge 
after it had been withdrawn from the di- 
gester. The presence of entrained gases 
made this a difficult task. Blowing air 
through the sludge did not help. It was 
found that reduction in the temperature to 
below 75° F. resulted in separation of the 
liquor, as convection currents probably 
caused the solids to remain in detention. 
Another group of experiments showed that 
effective separation of liquor could be ob- 
tained in a stirred tank, and that separa- 
tion was independent of the temperature. 

Mechanical Cleaning of Sedimentation 
Channels. As sludge is now removed by 
manual labor, investigations were begun 
on mechanical methods. A motor-oper- 
ated scraping mechanism was put in opera- 
tion in June, 1946, at the Southern Outfall 
Works, and preliminary experiments indi- 
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cate that a sludge with a moisture content 
of 86 per cent to 89 per cent can be ob- 
tained. At the Northern Outfall Works, 
the channels are not well adapted for the 
installation of mechanical scrapers, so ex- 
periments here are directed to determining 
whether the channels can be desludged by 
a tractor fitted with a suitable “bulldozing” 
blade, in place of the manual labor used at 
present. 
Rosert P. Lowe 


Responsibility for Industrial and Munici- 
pal Wastes. By Aspen Woiman. J. 
Amer. Water Wks. Assn., 38, 883-887 
(July, 1946). 


Rough estimates indicate that the raw 
sewage of 47 million persons empties into 
the receiving bodies of water in this coun- 
try and that an additional equivalent of 
55 to 60 million is added by untreated and 
uncontrolled industrial wastes. The condi- 
tions that prevail throughout many of the 
important bodies of water have been stud- 
ied and restudied, surveyed and resurveyed 
almost ad nauseam, and the results have all 
served very important and useful pur- 
poses. They have tended to increase the 
body of technical knowledge regarding the 
conditions that prevail. However, they all 
indicate one thing—that, by and large, al- 
though progress is substantial, it is slow. 
It is slow on the public side, and it is 
slower on the industrial side. All of these 
evaluations indicate that we are confronted 
with a substantial bill of between two and 
three billion dollars for necessary major 
corrections in present conditions. 

Public interest can be divided into at 
least the three following grours—(1) the 
right wing or gradualist grvup that feels 
that progress has been fairly good and 
that the general result is not too bad, (2) 
the extreme left, exemplified by the Wild 
Life Federation and the Izaak Walton 
League, who feel that progress is infinitesi- 
mal, and (3) the large group in between 
who feel that accomplishment is desirable 
and that much ean be and should be done 
to speed up processes and undertakings. 
From action already taken the states ap- 
pear to be aware of the above extremes in 
viewpoint. 

During the past seven or eight years 
there has been an increasing tendency to 
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secure federal government legislation on 
stream pollution. Testimony has indicated 
that there needed to be a new. stimulus by 
the federal government, new interest in 
the general topic and new administrative 
development. The proposed compromise 
bill (HR 6024), recommended for passage 
by the Rivers and Harbors Committee, al- 
most completely eliminates state participa- 
tion in most of the administrative and reg- 
ulatory features. This federal participation 
is at least proposed on a higher level than 
is generally considered to be the desire of 
a great many people interested in this par- 
ticular field. The author believes that this 
situation has resulted from the difficulties 
caused by the right of industry to dis- 
charge into a body of water such things as 
it has not found desirable or profitable to 
remove from its industrial wastes. In 
turn, it has driven a great many people in 
this country, including a great many mem- 
bers of Congress, to move in the direction 
of inereased federal responsibility. This 
definite turn toward federal participation 
can only be stemmed by increased assump- 
tion of loeal responsibility by the local 
authority. 

Industry can avoid future repetition of 
the existing conditions by considering the 
cost of treatment of wastes to be a funda- 
mental part of the cost of production. 
New plants should be designed in such a 
way that we would no longer find, as we 
do in most plants, sewers frequently under 
or around buildings, and so mixed up that 
it is impossible to separate the waste from 
the cooling water. The inclusion of re- 
search activities on industrial wastes with 
other research products of the industry in 
contrast to focusing it all on products for 
sale should be definite procedure. A final 
prineiple should emphasize that a techno- 
logical conscience needs to be substituted 
for legal advice. The author would like to 
see industry, and the municipality as well, 
move out of the lawyer’s office into the 
research laboratory. 

Rosert P. Lowe 


Stream Pollution Control in Indiana. By 
Raupu B. Winey. J. Amer. Water Wks., 


Assn., 38, 1041-1045 (September 1946). 


In 1935 stream pollution control in Indi- 
ana was made a funetion of the Depart- 
ment of Commerce and Industry, but this 


REVIEWS AND ABSTRACTS 549 


Department was abolished in 1941. In 
1943 a new law provided for the establish- 
ment of a Stream Pollution Control Board. 
The Board now consists of three ex-officio 
members, the Lieutenant Governor, the Di- 
rector of the Department of Conservation 
and the Secretary of the State Board of 
Health. In addition, the present board in- 
cludes a representative from industry, a 
Farm Bureau member to represent agricul- 
ture and two engineers. Under the pro- 
visions of the law, all engineering assist- 
ance is furnished by the State Board of 
Health; and the Secretary of the State 
Board of Health has appointed the Chief 
Engineer of the State Board of Health to 
act as Secretary to the Stream Pollution 
Control Board. 

By 1940 complete treatment was installed 
for 62 per cent of the urban population in 
Indiana and a total of 70 per cent of the 
urban population was receiving treatment 
of some kind. In the past two years the 
Stream Pollution Control Board has issued 
orders against 35 cities and towns. When 
all of these plants are completed, the sew- 
age of 86 per cent of the urban population 
will be receiving satisfactory treatment 
and that of 94 per cent will be receiving 
treatment of some sort. Prior to 1940, 
seven industrial plants and 24 governmen- 
tal institutions had treatment plants; 
orders have now been issued against 7 in- 
dustries and 1 school. Several state insti- 
tutions have voluntarily begun work on 
plants. 

The law specifically provides that the 
board “shall have jurisdiction to control 
and prevent pollution in the waters of this 
state with any substance which is dele- 
terious to the public health or to the prose- 
cution of any industry or lawful oceupa- 
tion, or whereby any fish life or any 
beneficial animal or vegetable life may be 
destroyed, or the growth or propagation 
thereof prevented or injuriously affected.” 
As the board is required “to determine 
what qualities and properties of water 
shall indicate a polluted condition,” a reso- 
lution was adopted that in general made 
the following standards applicable to all 
receiving waters: 


(1) Elimination of discharge of floating 
material existing in deleterious amounts or 
in amounts sufficient to injuriously affect 
fish life, fur bearing or domestic animals, 
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or the general biology of the water, or 
plant life in, or in the vicinity of such 
water. 

(2) Exclusion of wastes that form putre- 
scent or otherwise objectionable sludge 
banks. j 

(3) Exelusion of materials in concentra- 
tions sufficiently high to affect adversely 
public health, fish life, fur bearing or do- 
mestie animals, or plant life in, or in the 
vicinity of such water. 

(4) Standardization of 50 per cent oxy- 
gen saturation as the depletion limit after 
the waste is mixed in the receiving water 
(25 per cent saturation will be tolerated 
temporarily). 

(5) A maximum coliform concentration 
of 1,000 per 100 ml. (M.P.N.) for bathing 
and 5,000 per ml. (M.P.N.) in the vicinity 
of a water supply intake. 

(6) Removal of tastes and odors from 
wastes. discharged in sources of water 
supply. 


The law provides that a city or industry 
can appeal to the circuit or superior court 
from an order of the board and either 
party can demand a jury trial. As de- 
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termination of the existence of a polluted 
condition is final only after determination 
by the court, the board must first be pre- 
pared to prove that its order is reasonable, 
and second, that all provisions of the law 
have been complied with. The board feels 
certain that the adopted standards are rea- 
sonable, but only a court decision can settle 
the matter. However, the board has been 
advised that it seems most reasonable to 
clean up streams where there is positive 
evidence of pollution, rather than risk los- 
ing a ease in court if the board should pro- 
ceed in an arbitrary way. 

A state act provides that funds to com- 
ply with orders of the Stream Pollution 
Control Board may be obtained by the is- 
suance of either direct obligation bonds 
or revenue bonds, but they shall constitute 
a sanitary fund, and shall be used for no 
other purpose. Steps have been taken to 
see that the entire procedure has the ap- 
proval of a firm of bond attorneys, as it 
would be embarrassing to the board to have 
such bonds declared illegal because some 
step in the necessary action was omitted 
or improperly taken. 

Rosert P. Lowe 
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ids with Glass Crucibles.” R. W. 
Simpson and J. A. Alexander, pp. 
287-288. 

“Activities of the National Couneil for 
Stream Improvement, Inc.” Harry 
W. Gehm, pp. 289-293. 

August, 1946 (No. 8). 

“A Unique and Effective ‘Sewer 
Cleaner.” M. W. Loving, pp. 321- 
324. 

“8 Year Performance Record of the 
Plainfield Sludge Drier.” John R. 
Downes, pp. 323-324. 

September, 1946 (No. 9). 

“Sludge Lagooning.” 
good, pp. 344-348. } 

“Mapping the Field of Contamination 
Over an Ocean Sewer Outfall.” A. 


i 


Don E. Blood- 
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M. Rawn and H. K. Palmer, pp. 
363-366. 

“Bio-Filter Operation at Keesler 
Field, Miss.” R. W. Simpson, pp. 
367-370. 


October, 1946 (No. 10). 
“Kyvaluation of Sewage Works Data.” 
George E. Symons, pp. 403-404. 


November, 1946 (No. 11). 

“The Sanitary Engineer Looks For- 
ward.” Abel Wolman, pp. 409- 
412. 

“Density Currents in Final Settling 
Tanks.” Stephen R. Kin, pp. 441- 
445, 


“Nomograph for Determination of 
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Sludge Filtration Data.” Charles 
M. Gard, pp. 446-447. 

“The Scum Problem from the Opera- 
tors’ Standpoint.” Joseph Doman, 


pp. 451-453. 


December, 1946 (No. 12). 

“Gary Completes Cycle on the Grand 
Calumet.” W. W. Mathews, pp. 
455-460. 

“Wool Scouring Wastes Treated by 
New Chemical Process.” Harry A. 
Faber and Paul F. Howard, pp. 
467-473. 

“A Plea for Sound Economy in 
Stream Pollution Abatement.” W. 
J. Eldrige, p. 494. 





Book Review 


Manual for Sewage Plant Operators. By 
L. C. Bruinas, Editor-in-Chief. Pub- 
lished by the Texas Water Works and 
Sewerage Short School, V. M. Ehlers, 
Secretary, 410 East Fifth St., Austin 2, 


Texas. 435 pages. Price $3.50. 


This book could not be more exactly 
titled. Developed as a text for the instruc- 
tion of sewage works operators (Texas 
operators are required to be certified under 
a state law enacted in 1945), it is a “grass- 
roots” presentation of the information on 


{ 
sewage works theory, practice and admink- 
tration that is admirably suited to its prf& 
pose. 
The manual is a product of the Tex 
Sewage Works Section of the Texas Wat} 
Works and Sewerage Short School, a Mesh- 
ber Association of the FSWA. A specih 
committee consisting of W. S. Mahl 
Chairman, Irving M. Dietz, Jr., and I. §. 
Ronhovde administered the project. { 
total of 29 authors collaborated in writige 


' 


mM 


_ 


I 


rephrased for brevity) : 





Chapter 

No. Subject 
I Nature of sewage 
II Publie health aspects 
III Sewer design 
TV Pumping stations 
V Sewer maintenance 
VI Organization and finance 
VII Sewage irrigation 
Vill Sereens, grit chambers, ete. 
IX Septic tanks 
X Imhoff tanks 
XI Primary sedimentation 
XII Chemical precipitation 
XIil Sand filters 
XIV Trickling filters 
XV Activated sludge 
XVI Separate sludge digestion 
XVII Sludge drying beds 
XVIII Mechanical sludge dewatering 
XIX Chlorination 
XX Other treatment processes 
XXI Plant maintenance 
XXII Industrial wastes 
XXIII By-products of sewage treatment 
XXIV Stream pollution 
XXV Laboratory control 
XXVI Sewage works mathematics 
XXVII_ State requirements 
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the 27 chapters, as follows (chapter "y 


Authors 


W. 8S. Mahlie 

Dr. Geo. M. Cox 
H. R. F. Helland 
H. M. Bohn 

R. U. Andrews 
A. B. Carson, Jr. 
K. E. MeAdams 
J. P. Burden 

J. D. Fowler 

L. J. Trotti 
Lewis Dodson 
Terrell Bartlett 

EK. J. Umbenhauer 
Haskell R. Street 
S. M. Field 

R. M. Dixon 

K. J. M. Berg 

E. J. M. Berg 

S. L. Allison 

G. L. Fugate 

I. M. Dietz, Jr. 
Ashley G. Classen 
L. C. Billings 

C. H. Billings 
Clyde C. Hays 
W. P. Walker, Jr. 


A. C. Kellersberger 


J. H. Sorrells 
P. J. A. Zeller 
V. M. Ehlers 


Ne ee ee 





-———— = we 
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Collation and editing of the book has been 
ereditably handled by L. C. Billings, Edi- 
tor-in-Chief, and Associate Editors W. S. 
Mahlie and Margaret M. Roddy. 

Primary emphasis is given to operation 
procedures for all parts of the sewer sys- 
tem and sewage treatment plant, with 
enough of the theory and design back- 
ground concerning each process to afford 
a good practical coverage. All fundamen- 
tal calculations are indicated and _ ex- 
plained, and illustrative examples are 
given in many cases. Charts, graphs and 
line drawings are used to good advantage 
to supplement the text. Lists of review 
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questions are provided at the end of each 
discussion to assist the reader in prepar- 
ing for certification examinations. 

This manual will be of greatest useful- 
ness to plant operators who have had lim- 
ited technical education, and to “trans- 
planted” engineers and chemists who have 
entered the sewage works field from other 
lines of endeavor. It is the best textbook 
for short course instruction that has as yet 
come to the attention of this reviewer. 
Only 1,500 copies of the book have been 
printed, a supply which will undoubtedly 
be inadequate to meet the ultimate demand. 

W. H. WIseEty 





Special Notice 


To All Present And Former Sanitary Corps Officers 


Please communicate with Colonel M. J. Blew, giving rank; when 
called to active duty; present rank or rank on separation; specialty 
(engineering, entomology, parasitology, bacteriology, chemistry, nu- 
trition, ete.) ; a resumé of pertinent facts regarding active duty as- 
signments ; academic and professional degrees; professional and honor- 
ary society affiliations; whether registered or certified, ete. 


This information is desired to complete an accurate postwar roster 
and also in preparing an analysis and evaluation of the activities and 
contributions of the Corps during the war. Existing information is 
inaccurate and incomplete and the cooperation of all officers and 
former officers is desired so that a correct picture of their aeecomplish- 
ments can be prepared. 

Send data to: 

Colonel M. J. Blew 

c/o National Society of Professional Engineers 
1359 Connecticut Avenue, N.W. 

Washington 6, D. C. 








